“Bn"’\;&‘ R L V6 SRR D TR R 1T ARTIR L
FPRR AN (A TR : - v i

i . . AL I AV
Bkt E‘._'.'*.' [T S N S T LR AT T Srtor s A e e S .esp;‘!"“r",".-‘-!t"&"f%:‘“:“\“?x ;

% T ANTF LT T gt Iy A T Y OARTY R L W % AT ARV Aal LN R WIRY x5 SBRTRWRL WY
nww RLRAR R A it Mt it | bt N ittt AR Y54 S 11 DO

.
TH AR 4 S Y
EERUE SERE R

i ey e + ke ry Wbl 5 o o

AD-770 Q26

DROP AND STATIC TESTS ON A TENTH-SCALE MODLL QF
AN AIR CUSHION LANDING SYSTEM (ALLS)

AIr Forcke InNSTITUTE OF TECHWOLOGY

SepvemBER 1973

Distributed By:

Naticuat Tochnical iniormation Service
U. S. DEPARTMENY OF COMMERCE

\




THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
“APRODUCE LEGIBLY.

REPRODUCED FROM
BEST AVAILABLE COPY



NOTOR

Whan Covernmaat drawmga. anaameationa. wr other daka are ey tur smy p\:x‘pusa A
othuy than ln conoedtion with 4 aanmmy related Qoverdmant prcauwmem o:mmtmn. -

- the United States Uovernment Shereby imours no mmaammw noy any abugmun-

whataoewory + . aha fact mt the poverament. may m\w Iormulatad. qumm o in
NHY WavY auwmﬁ the ma ﬁmw&ngﬁ. apeaméaﬁmm a\r olhes ddta, 18 mt  ba’ x‘egm‘dad-. B
hy tmpimuon or etharwiw an in my mhtmar uwmmg uw huwor nr any athm‘ mw:m

G coEpUrAbion, oF Gonveying any sightd.of pueralaton B manibRonire; s, ar well wny

patanted inventlon tat viny in any way be related fhereto.

. 2

*_—‘%/f/
NN e "
oo A
\ “F

] \ \

Vo
o
R

i : l
\k.}x. ‘~~L*=**4‘ x

Coplea of this report should not bo returned \nless return is required by security
conniderationa, cuntractual obligations, or notice on & apeoific docuthent,

e r—

AR FORCE/BST40/30 November 1973 — 104




PNOLASIT IR _
. AT TN e

DOCUMENT CONTROL DATA-R& D

(Levanite rlayatiicatinon af e, wody ol abpirar st DUtAa fg e iatter guced he dnderad whin the cveratl yagort (e “[‘"‘“‘"}2‘
- At

ww&pmmm -y ey y e
. ORIGIND CING AQYVIVIVY (Lefporate Ry Tan, W rou ANSUMITY ELARMINGCA TION

Alr Woroe Inatitute of Twohnolagy (AVLTRN) o Unclasmdfied
WelghtePatteraon Alr lMoroe Bame, Ohlo U3y FTACYIENS o

mrtmahen 1f e g e manea,

| P“‘h‘a‘ﬁﬁ:rw:

DROP AND STACY" TESTS ON A TWNTH-SCALE MODFL OF AN ATR CUSHION LANDING SYSTEM [ACLS)

b Lo+ ok e T S W 8 My B T R A vty § Y - - weta v e e L man s -~

4 ONETMIPYIVE NQTKD {Tyae ol poti snd ‘aviusive dates) ’

Thesds
o SN T ey Raie, midele Tnlial, Tast v

Anthony Redrdgues

——n - ——— T 4 st

S T TRV VNS VO HIOvRT— |

: Cap_tain. USAR o .
FETRIRERTALVE e YOT AL PR MY R FT N e -
Sap tembar 1273 1k 3

'S CONTRAEY 6 SRAWT hi WY, ORIGINATOR'S REFART NUMBERIA) -

5 mwosecr vo 1369 . GA/ME/?'_}-B

s, Task No, 02 . ' Oh. DTHER REPOR T NOUBN 1ANY 0IRer numbere (il way b @ssignod

. thir repurt} - '
v APFDL-TR-T73-L0

e OIRYRIBUTION RYATEMENT

Approved for public release; distribution unlimited,

Yo BUCPLRMENYARY NOTED © T AP ONSIORING MILTTARY ACTIVITY
Alr Force Flight Dynamies Lakoratory
Wright-Patterson AFB, Omdo 45433

[ R onperinental investigation of the performance of an Air Cushior landing

System (ACL8) on p ona-tonth scale ficdel of & CC-115 Caradian aireraft is discussed,
Several different types of lests wereconducoted on an extended verslon of the AULS
trunk at simulated full-scale trunk preusures of 315 psfg, out of ground effact,

and 342 psfg, in ground effect, Cushlon pressury was 160 psty, in gconnd effect
during hover, The axpeximents involved: verticel drop tests to neasurs the effects
of aink rate and 1nitial attitude hutween fullwscale sink rates of 3,0 and 12,5 fpa,
and attitudes of pitch and roll from 0,0 to 12,0 and 0,0 to 7.5 rdegrees, respectively
static equilibrlum tests to measure vertical stiftness, roll stiffness, piteh atiffe
neny, and floor pressure oxerted by tha ANLS with loads up to 4,1 times the aireraft
landing welght; and braking tests to ohtain the effascts of changing brake pillow
thickness betwean simulated full-scale helghts of 0,0 iInchea and 26,0 inches,

The results of the vertlcal drop tests revealed that the air cushion will
absorb most of the landing impact load except at initial attitudes of 12,0 degrces
pitch, where the alrcraft fuselage could touch the ground, Vertical stiffness
tuost rasalts showed the extended version of the ACLS trunk to be 39% stiffer than
a previcus shorter version between vertlcal load ranges of 0,5 and 1.9 times the
alrcraft landing weight, Floor pressure tests verifiled that the ACLS airoraft
could land on low strength runways and never exert pressures higher than 3.8 psi
above the atmospheric, full scale, Braking tests ononcluded that the maximum deceleras
tlou of the alrcraft was about 0,34 g, ani that inoveasing pillow: thickness above
10,8 inches, full scale, would not increase that deceler-~tion rate, N

DD °™.1473 \ UNCLASS IFLED

Security Classificsotion

Reproduced by N
TIONAL TECHNICAL
l.:l?ORMATION SERVICE

vimant of C'ommartt
us %;7?ngv:u|d VA 22151

AD 770026 |

D e B

P AR
e

o,oa
L ovAErR3

R RN

cndi

TP el

TR S RS PPl H

et




I AL R

v A eag e s < Ak e < [ R O,

UNCLAYSIFIED
%‘ﬁ%?fnniucnn W

ta, e - : LNk A ] LNk w CLINKee R
REY WORDS - -
RoLE WY noL | wr ROLE WY

Air Cushion Lamiing System
‘Landing Gegr
" CCw115

UNCLASSIFIAD
“U.S.Governrment Printing Offics: 1973 — 758-428/262 Security Flasailiceiion

00 e ey ke A dorl o Oy e




e v e SN e e PRI USEANET o F UG maAc e omebeaspis vr BeMeatit s B RSO S b e < e

DROP AND STATIC TESTS ON A TENTH-SCALE MODEL o
'OF AN AIR CUSHION LANDING SYSTE/ (ACLS)

B T L S AT T T S

ANTHONY RODRIGUES, CAPT, USAF

ool JENNPR

Approvad for public reloase; distribution unlimited

:
3
3
4
A
g

/)-ey

e

E T L I sy




R N I P TL A L OV T L T Tt VT T T SV NI S TTr T TP PRy Run Y O T T T U TR P T T T S LTI O TR T i U T TR T T T YO T

FOREWORD

This work was conductsd in support of an Air Force Flight o
Dynamice Laboratory in-house exploratory development effortiqé
alr cgshioq ianding'éystemsA(Project‘1369). The author conducted
-this work in partial fulfillment of the .requiremente for the degree
of Master of Scieﬁce from the Air Force Inétitﬁte of Technology.

The author wishes to expreass his thanks to Dr. Andrew J. Shine,
his Thesis advisor, for his valuable help and guidance throughout
the independent study period.

The author is partiﬁularly indebted to Major John C. Vaughen, III,
Mr. Shade Campbell, and Mr. David J. Pool of the Mechani-cal Branch,
Vehicle Equipment Division, Air Force Flight Dynamics Laboratory;
Wright-Patterson Air Force Base, Ohio, for their valuable and
frequent asalstance and suggestions during the course of thias experi-~
ment.. . investigution. Without their ald and advice, this atudy could

not have been conducted,

This repurt was submitted by the author in March 1973.

This technical report has been reviewed and is approved.

2N, ol
KENNERLY H. DIGGES

Chief, Mechanical Branch
Vehicle Fquipment Division

i1




TR PR

e

R G T

JS——

oy

bR CELALE N i i L

TR S R VR

e i
M i b

- RN O L Y I s
=4 - R MR i EIRATL S M R
iRy g es g 8

L.
R

g

R S

C o
T T gt e T L Tk N R ey YT LRI A by oy "‘,ﬂ.’-‘“‘"’" - Mm«-?w‘n‘%

sorrirrs L

ABSTRACT

An experimentaI,inyestﬁgation of the performance of an Air

‘Cushion Landing System (ACLS) on a one-tenth scale model of a cc-115

Canadian aircraft is discussed. Several diffeFent types of tests weié ~ =- o .

conducted on an extonded version of the ACLS trunk at simulated full-
scale trunk preSsurés of 315-psfg. out of ground éffect, and 342 psfg,
in ground effect. .Cushicn pressure was 160 psfg, in ground effect,
during hover. The expzriments involved: vertical drop tests to measure
the effects of sink rate and initial attitude betﬁéen full-scale sink
rates of 3.0 and 17,5 fps, ard attitudes of pitch and roll from 0.0 to
12.0 and 0.0 to 7.5 degrees, respectively; static equilibrium tests to
measure vertical stiffness, roll stiffness, pitch stiffness, and floor
pressure exerted by the ACLS with Toads up to 4.1 times the aircraft
landing weight; and braking tests to obtain the effects of changing
Liake pillow thickness between simulated full-scale heights of 0,0
inches and 26.0 inches.

The resuits of the vertical drop tests revealed that the air
cushion will absorb most of the landing impact load except at initial
attitudes of 12.0 degrees pitch, wﬁere the airzraft fuselage could
touch the ground. Vertical stiffness test results showed the extended
version of the ACLS trunk to be 39X stiffer than a previous shorter |
version between vertical load rahgos of 0.5 and 1.9 times the aircraft
landing weight. floor prassure tests verified that the ACLS afrcraft

could Yand on 1w strength runwaye and never exert pressures higher than
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3.8 psi above the atmespheric, full scale. Braking tests concluded t
maximum deceieration of the aircraft was about 0.34 g, and that incre: ing

piliow thickness above 10.8 inches, full scale, would not increase that

decel e%:ati on rate.
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DROP AND STATIC fESTS ON A TENTH~SCALE MODEL
OF AN AIR CUSHION LANDING-SYSTEM (ACLS)

1. Intreduction

Background
The Air Cushion Landing System (ACLS) Project is a development

program being conducted by joint cooperation between the Air Force Flight

Dynamics | ahoratory at Wright-Patterson AFB, Ohio, and the C=nadian

government. The system eliminates the need for a conventional landing
gear by replacing it with a cushion of air directly beneath the fuselage
of the aircraft. The cushion supports the weight of the aircraft during
takeoff, landing, and taxiing. Since this cushion supports the weight
of the aircraft over a large areu, Lhe pressure on the landing surface
is Tow (1 - 4 psi above atmospheric pressure). Thus ACLS allows large
aircraft to land on snow, tundra, and other unprepared types of runways.
In addition, the ACLS provides a weight savings compared to the conven-
tional landing gear as that on the C-5.

The cushion of air 15 formed through the use of an elongated
doughnut-shaped trunk, which is physically attached to the bottom of the
aircraft fuselage {see Fig. 1). Air 1s supplied to the trunk from a
source on the aircraft, and it flows from tne trunk through hundreds of
tiny holes on the bottom of the trunk. The air from these holes forms
a continuous jet curtain around the periphery of the trunk. The curtain
thus acts as a seal ajainst air eccaping from the cushion r¢ on and
securaes a pressure of 1 to 4 psi above atmospheric under the fuselage,

and this pressure, or air cushion, supports the entire weight of the
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aircraft as it approaches the ground. The trunk is constructed of rubber
and nylon and stretches approximately 300% from an uninflated state in
order to be in the proper landing mode. During flight, the trunk is
deflated and hugs the fuselage of the aircraft (Ref 2:7).

Braking is performed by pressing a braking material against the
ground. The braking material is secured to each of six pillows which are
attached to the bottom of the trunk as shown in Fig. 1. When braking is
desired the pillows are inflated, and this presses the braking material
against the landing surface and raises that portion of the trunk to which
the brakes are attached above the surface. As the trunk is raised, the
jet curtain is broken, allowing cushion pressure to decrease and placing
part of the aircraft weight on the brakes instead of the air cushion.
Steering is accomplished through the use of differential braking as is
done on a caterpillar tractor. Right brakes are applied to turn right
and the left to turn left (Ref 2:7).

Present program development is being geared to a full-scale flight
test of the ACLS on a deHavilland CC-115 Canadian afrcraft (C-8 Buffalo
is the U.S. version of the aircraft). As such, all recent testing of the
system has been done using scaled models of this aircraft with ACLS
attached. Some of the tests have been accomplished by the Air Force

Flight Dynamics Laboratory (AFFDL) at Wright-Patterson AFB, Ohio, on a

- quarter-scale model of the CC-115 and other tests by Bell Aerospace

Company of Buffalo, New York, on a tenth-scale model of the CC-115.
Model testing of the system is required to help substantiate design.
Theoretical prediction of ACLS functions is difficult; since operation

of the system involves many interacting events such as trunk deflections,
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transient increases in cushion and trunk pressure, variations in back

: pressure, and forward and reverse flow through the air supply equipment
2 of the system (Ref 3:1).

. The quarter-scale tests conducted by AFFDL involved vertical drop
tests which determined the effects of vertical velocity and attitude

3 during a landing with the ACLS and vertical static load deflection tests
of the system. The model was dropped simulating sink rates of 9, 11,

and 12.5 fps and at various attitudes of pitch up to 10 degrees and roll
of 0.0 and +7.5 degrees. Static loading of the model was accompiished up

to twice the weight of the model to obtain static stiffness (Ref 3:11).

Some of the tenth-scale tests accomplished by the Bell Aerospace

Company also involved drop tests and static stiffness tests of the model.

DT SO ST

These drop tests were conducted at sink rates from 5 fps to 12.7 fps with
varicus attitudes of pitch up to B.5 degrees and roll up to 6.2 degrees.
The model was statically loaded up to 1.5 times its weight (Ref 1:362).
The AFFDL tests were accomplished at a different full-scale center
] of gravity location than the Bell tests, but both series of tests were
done with a shorter version of the trunk than is being presently proposed.

the full-scale difference in leng.. between tha two trunks is 17.5 inches.

The Bell Aerospace Company did perform forward velocity tests on the
longer trunk, but these tests will not concern this report. In addition,
AFFDL drop tests were accomplished at a different design trunk pressure
than the Bell tests.

This study was conducted to gather more data on the ACLS and
particularly on the longer version of the trunk. The tests of this

report involve only the long trunk, and the drop and vertical static
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stiffness tests of this report will be compared to similar tests done by

Bell and AFFDL to show differences between long and short trunk responses.

Definition of Terms

The following are certain terms and phrases that will be used
throughout the remainder of this report:

1. Cushion Przssure PC. Pressure of the air within the cavity

created by the fuselage, ground, and the doughnut-shaped trunk. In a
hover near the ground or taxiing condition, the cushion pressure is the
pressure supporting the weight of tie aircraft. The design cushion pres-
sure is determined from the fact that a certaln pressure is required to
support the weight of the aircraft in a hover condition. The design
cushion pressure of the model was found to be 16 psfg.

2. Trunk Pressure PT‘ Pressure of the air contained within the

doughnut-shaped bag or trunk. This pressure keeps the bag inflated to
desired design conditions and provides the desired velocity of the tiny
Jets issuing from the numerous holes. Air for trunk pressure is supplied
from onboard fans. This air leaves the trunk through the tiny holes on
the trunk bottom and also through trunk vent holes in the cushion cavity.
These vents supply air to the cushicvn., Thus, to maintain a specific
cushion pressure, a certain trunk pressure is required. The trunk
pressure is adjusted by covering or uncovering the vent holes.

3. Qut of Ground Effect OGE., This 1s a design point for the

system. In model testing under this condition, the model is raised above
the ground until cushion praessure {s 0.0 psfg. At that point the design
trunk pressure is obtained by covering or uncovering trunk air vent holes

located in the cushion cavity.
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4. 'n Ground Effect IGE. This is another design point for the

system. For this case, in model testing, the model is left in its hover
condition on the ground with full weight of the model being supported by
cushion pressure. While in this condition, the design trunk pressure 1is
again obtained by adjusting trunk air vent holes in the cushion cavity.

5. Center of Pressure C.P. This point is the geometric center

of the ACLS consisting of the
trunk or bag and cushion (see

Fig. 2). It is the point where

i: <:ﬂ§:::l
the resultant force generated by C.G. ﬂ,,df’§

the ACLS is Jocated. On the air- . OC-TF"
craft the c.p. {s forward of the \\ \ \ \ \ \ \ \ \ \
center of gravity. Fig. 2. Location of C.P.

6. Scaling Parameters. These parameters are factors used tc obtain

full-scale values from scale model results. The scaling paramcters have
been previously determined using a dimensional analysis based on &
constant Froude number of air flow beneath the ACLS and a constant linear
acceleration of the aircraft (Ref 3:5). In this report all values given
will be the actual -alues obtained from a 1/10-scale mocdei of the CC-115
atrcraft, unless otherwise specified as full-scale values. Table I shows
the terms applicable to this report and tne necessary multiplying factor
needed to obtain full-scale values from 1/10-scale terms.

7. g-Load. A 1 g-load in the vertical direction corresponds to a
force equal to the weight of the aircraft. The g-load does not directly
refer to the acceleration of the model. 7o obtain acceleration ‘n terms

of gg=32.2 ft/sec?, 1 g should be subtracted from the value of the g-load.
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TABLE 1
1/10 Scaling Pacameters
Term Model Value Scale Factor Full-Scale Value

Acceleration, lirear a 1 a

Area A 102 102A
Density P 1 o

Force F 103 103F
Length L 10 1CL

Mass M 103 103M
Mument of Inertia I 105 1051
Pitch (] 1 ]
Pressure P 10 10F
Pressure Ratio P\/P, 1 P\/P,

Roll ¢ 1 b

Sink Rate or Velocity Vi 10172 10172y,
Time t 10472 10472
Volume v 103 103y
helsht W 103 109W

(Frem wef 3:6)
7
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Thus an object &t rest on the floor is at a +1 g-load condition and 0 g,
acceleration in the vertical direction. A +1 g-load points up and away

from the floor, and is the floor's reaction to model weight.

8. Pitch and Roll Direc- | e
_+_/ —
i . = Vv OV )
tions. When referrirg to pitch STARBCARD POCT
and roll angles, the sense of (Jﬁo'LL/
angle rotation will be repre- jf‘—:'“‘ N
FWD é;gj;% ‘AFT
sented by the sign of the angle ( — !)
as shown in Fig. 3. PITCH A

9. Load on_the ACLS. This

Fig. 3. Sense of Roll and Pitch Angles
load consists of all the force acting on the ACLS including the weiglit of

the model. Thus a load on the ACLS of 140 pounds consists of 30,1 pounds
of mode! (eight and 100.9 pounds of additional load on the model.

10. Static Stiffness. This is a measure of the rigidity ¢t the

ACLS trunk and cushion under vertvical and moment loading conditions.
Vertical, or level, static stiffness measures the rigidity under duwnward
loads on the ACLS, while pitch and rol., stiffness measures rigidity under
moments about the center of gravity in the roll and pitch planes

11. Area of Trunk Contact. When loads much above 1 g-luad are

falt by the ACLS, the trunk shape near he ground tangent deviates frou
its rounded shape and begins to flatten. The trunk does no¢ make surface-
to-surface contact with the floor, but the trunk is flatiened by the
pressure between it and the floor. Thus, area of trunk contact is the
amount of area of the trunk that is flattened under load.

12. Cushion Area. The ~ushion pressure is e-erted on a cushion

area which is the area inside the normal trunk ground tangent line

(see Fig. 4). The area under B 1s constant while that under A and C




AT TEEI R TAATEEIRT T TPAAS ERT T T R TR TR A TR AR R R AL THEATR AT TR S A TR TR AATINGE T R T AR RATATTE T UM A A RARTE D A T mummnmﬂ!mﬂq\m
!
i

3
E

g

depends on th~ amount of bag de- — e ———
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pressure during loading. The

change in A and C has been found

to beminimal since the trunk tends

LT
to flatten outside the hover ground 77777 77T N

tangent line. Therefore, the tests
in this report assume a constant Fig. 4. Cushion Ares

area for A, B, C, during all vertical loads above model weight.

Purpose
The ACLS 1s a rapidly emerging technology, but mora data are

needed on the actual operation of the system in order to verify design
criteria and confirm results of previous testing. Furtheenora, the
extension of tne length oY the trunk has created a nged for more opera-
tional data of the extended trunk system. As has been stated, an A
analytical or computer approach to obtain this desired data {5 aifficuit é.
due to the many interacting phenomena. Thus scale model experimental \
testing becomes the most effective method of gathering good date on the
many interacting variables of cushion pressure, trunk pressure, bag
deflection, and trunk area contuct of the ACLS. In that light the pur-
pose of this study was to experimentally examine the following:
1. Effects ¢f vertical velocity and attitude of the aircraft on
the ACLS performance during landing, in tewss of cushion
pressure, trunk pressure, and g-load at c.g.
2. Static stiffness of the ACLS in level, pitched, and rolied
aititudes.
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JoooStatto relattonxhipy an np Cushion pressare, CVupk Presiura,
load on aircrart, bag acilection, and area of tyunh Gontact,

A, Lffeats of avgratt load or the stattu prossure footprint of
the AUGLY,

b Erfacts of hrake piliow hetght (thickness of brake pillows
fram the bottom o the trunk to the contact with the tapaing
surtace) an cushion prassuve, trank prassure, and braking
daceleoration,

In addition, the axperimental data gathaved frow 1, above, s
compared to previous tesls conducted on ongsquarter and ane-tenth scals
models; and the vesults trom ¢ (leve! attitude only) and 4, above, are
compared to pravious one-aquarter scale wodel tests, The quarvter-scale
data quoted in this report have been converted from quarter-scale values
to tanth-scale terms,

ATl pravious testing similar to that of this study was conducted
using a trunk shorter in langth than thal baeing prasently proposed, The
tests of this stuay divfer from previous testing In that lhe longer

varston of the trunk was used on all axperiments,

Scope
A one-tenth scale model of the CC-115 Buffalo aircraft was used
to conduct these tests. The wodel was dynamicaliy and geometrically
similor to the full-scale version according to the full-scale design
parameters as found in Table 11,
The effects of varticsl velocity end attitude upon landing were
determined througk the use of drop tasts. Vertical velocity was varied

betwean Q.0 and 12.5 fps (full-scale vaiue), while roll and pitch ranges
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; Landing watghe 39,100 Ybs 5
Length (nose to tatl) 79 ft ‘

Maxfmum sink speed 12,8 fps
Maximum g-1oad 3.0y
Maxtmum landing piteh angle 12 dagroes
Maxtmuin Yanding roll angly t 7.5 degraes
Momants of Inertia
PLech 280,780 slug-ft?
Rol) 223,846 slug-rte
Yaw 465,000 slug~fts
Wing span 19 ft
Trunk prassure, OGE N6 psfy
Trunk pressure, IGE J42 psfyg
Cushion area 244 fee

4 g v
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wore (L9 to -7.5 degrees and 0.0 to 12.0 degrees, respectively. Roll
and pitch worg observad alane and in combination with each other. These
drop tests were conducted at two diffaerent initial design points (full-
scale values) of the ACLS:
1GE, PT = 342 psfyq
OGE, Py = 315 ps¥g

Static tests in vertical stiffness, ACLS relationships, and pres-
surg footprints were exymined from zero load on the ACLS up to four
times masimum landing weight of the aircraft. This range exceeds the
max fmum g-load of the aircraft by 1/2 g. The loads on the ACLS were
applied as follows for vertical stiffness and ACLS relationships:

1. Load over c.p.--0GL and IGE design modes. The loacd over the

c.p. was in addition to the model weight acting at the c.g.

2. Load over ¢.g.~--0GE design mode.

Pressure footprint was examined at OGE mode with load over the c.g.

Roll stiffness was observed from 0.0 inch-pounds of torque to 46
inch-pounds of torque, while pitch stiffness was examined from -30.8
foot-pounds of torque to 20.2 foot-pounds of torque.

Braking tests were conducted with brake heights from 0.0 irches
to 2.60 inches.

The data and results gathered from this study are presented in the

form of graphs and tables in this report.
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[I. Apparatus

Introduction

This section will describe only that apparatus common to all of
the tests. This equipment consisted of the one-tenth scale model,
cushion and trunk pressure manometers, stroboscope, a barometer, and
the platform used to conduct the testing. Other equipment used will

be described with the section to which that equipment is peculiar,

One-~Tenth Scale Model

The model used for these tests was a one-tenth scale model of
the CC-115 Buffalo aircraft with the ACLS installed. Designed and built
by Bell Aerospace Company, the model is dynamically and geometrically
similar to its tull-scale version. Figure 5 shows a sketch of the scale
model with its dimensions. As the drawing indicates, tne wmodel is 94.8
inches long with a wingspan of 115.2 inches. It is made of lightweight
materials consisting of balsa wood bulkheads and stringers with a molded
fiber gla: s skin 0.025 inches thick (Ref 1:346). The original horizontal
stabilizer provided with the model was not used. It was necessary to
use a lighter weight tail to keep the model center of gravity in the
desired location.

The trunk attached to the mode! wac fabricated from an unstretchable
material consisting of 2-3/4 ounces per square yard polyurethane coated

nylon. The trunk is constructed to a shape associated with nominal ACLS

13

SR IR

1 2t s im0 s e

et e,

T f e B T TR

e i dR

! @m\ww@ymmmmmmvmmﬁ



DU Sttt Wt el 0 Sl nabaalndl bl L

Y bl Lt R R LI A ol
R Sttt b R e & Lk 8 R Y R S T s AV D S - NI
. . : T

i )

_ LEGEND
O ACCELEROMETERS
{0 PRESSURE TRANSDUCERS
@ CENTER OF GRAVITY
(Al{ dimensions

MOTOR__..\ in tnches)

2 ‘

N | ! (
;
o © f_ [
Y
FANS —-///K . / X
<- = 15,2

A o
7. ;
\zo A
V
k...,..._.h- . - OSSR - ¥ SO - SR

Fig. 5. Tenth-Scale Model of CC-115



TN peioubnaatly il o wit S IO AAEICR MGG b ot s Ak b L N 1 LS e D R A L TERER

-

operating pressures during ground taxiing, and it is mechanically
attached with a metal strip fastener to the fuselage of the model
(Ref 1:35G). Nylon tape was placed over the metal faﬁtener to insure
no leakage. It should be noted that the full-scale yérsion of the
trunk consists of a stretchable material instead of unstretchable as
was used in these tests. A stretchable material trunk could not be
used since material is not presently available with the necessary load-
elongation characteristics (Ref 3:17).

Air is supplied to the trunk by two lightweight centrifugal fans
situated in the forward section of the model fuselage (see Fig. 5).
These fans are powered by a 1.4 horsepower A.C. electric motor (200 volts,
3-phase, 400 cycles) which is placed aft of the fans (Ref 1:350). The
motor was electrically powered as indicated by Fig. 6. Control of motor
rpm was accomplished at the rectifier by varying output voltage of the
rectifier to the inverter. Because the power necessary to operate the
motor was not directly available, the apparatus and connections shown
schematically by Fig. 6 were necessary. Fan performance was previously
calibrated and adjusted by the Bell Aerospace Company to simulate 640 to
800 horsepower per fan, which is the horsepower range to be used in the
full-scale atr power supply. In these tests only the 640 horsepower case,
which 1s simulated by a fan rpm of 8600 was used. An electric cable was run
from the aircraft inverter to the motor installed in the fuselage to provide
power to the motor. The cable was so suspended as to not add weight to
the model or affect its motion during testing. Although only used for

drop tests, two pressure transducers and four accelerometers were installed

within thae fuselage of the model as is indicated by Fig. 5. It was
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MAIN
POWER SUPPLY RECTIFIER INVERTER
220 VAC 0-32 VDC INPUT: 28 VDC
3 PH 0-200 AMPS OUTPUT:
115 VAC
60 CYCLES | PH
400 CYCLES
or.
208 VAC
3 PH
400 CYCLES
208 VAC
3 PH MOTOR
400 CYCLES

Fig. 6. Motor Power Supply

necessary to keep this equipment in the model for all tests in order to
maintain the desired weight and center of gravity location of the model.
The model was fixed at a weight of 39.1 pounds with the center of
gravity located as shown in Fig. §: 32.4 inches aft of nose in the x
direction, 7.0 inches above the bottom of the fuselage hard structure in
the z direction, and 0.0 inches in the y direction. Moments of inertia
of this model were found to be 2.71 slug ft2 in pitch, 4.65 slug ft? in
yaw, and 2.05 slug ft2 in roll. Details concerning methods of checking
model similarity, trunk construction, pressure transducers, and acceler-

omaters are contained in Appendix A.
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b Cushion and Trunk Pressure Manometers,

¢ Stroboscope, Barometer

3

P Before conducting each test the desired design conditions of

£

5 trunk pressure, cushion pressure, and tan rpm had to be-estabiished.

i

: After each test, atmospheric temperature and pressure were checked.
Cushion pressure and trunk pressure were obtained using water manometers
that were levelea and zeroed before each test. Fan rpm was verified
using a stroboscope. Atmospheric conditions were recorded from a mercury
filled barometer for pressure and a centigrade thermometer for temperature.
More detail on this equipment is found in Appendix B.

% ‘ Testing Platform

A1l tests were conducted in Room 102, Building 255, Wright-

Patterson Air Force Base, Ohio. Within this room was a wooden platform

TER

122.0 inc long, 98.0 inches wide, and 30.5 inches high, on which the

model was situated for all testing.

17
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IIT. Drop Tests
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Purpose

Drop tests were conducted to measure the effects of vertical
velocity and attitude of the aircraft on the p~rformarce of the Air
Cushion Landing System during a landing. These effects were observed

in the reactions of cushion pressure, trunk pressure, and g-loads at

the center of gravity of the model. Tests were run at two fuil-scale
design conditions: trunk pressure at 342 psfg, IGE, and trunk pressure
at 315 psfg, OGE. When an aircraft with the ACLS approaches the runway
for a landing, it is considered in an OGE condition, and truvk pressure
should be held at 315 psfg. When the CC-115 aircraft is IGE, trunk
pressure trim valves are autumatically opened. Vent holes (Fig. 1) are
exposed and the valves adjust to keep the trunk pressure at 342 psfg.

The model does not have the capability to change pressures as it approaches
the platform. If trunk pressure was set at 34 psfg, IGE, and the model
was raised above the platform, the trunk pressure dropped to 26 psfg.
When trunk pressure was set at 32 psfg, OGE, and lTowered to the platform,
trunk pressure rose to 39 psfg. It was thus decided to run tests at both
design points to cover the full range of possible pressures during an
actual landing., The AFFDL quarter-scale model tests were run IGE while
Bell tenth-scale model tests were run OGE. Therefore, the mndel was
released at a lower than normal pressure during the AFFOL tests, while
the model bounced at a higher than normal pressure during the Bell tests.

Conducting tests at both conditions also enabled a more complete comparison

PSSR R

to be made to the short trunk tests.

.
!
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Equipment and Procedures {(IGE and OGE)

The same equipment was used to conduct OGE and IGE tests. Two
Statham differential pressure transducers were mounted in the model
fuselage to measure trunk pressure and cushion pressure with a range of
$0.5 psi. Four Consolidated Electrodynamics Corporation acceierometers
with ranges of 5 g's were used to measure g-loads or accelerations at
the nose, port nacelle, center of gravity, and along the longitudinal
axis of the medei. Although this report discusses only the data from
the c.g. accelerometer, the data from the other accelerometers were
recorded and can be used for angular accelerc.ion determination in pitch
and roll.

The signals received by the transducers and accelerometers were
fed into a Bell and Howell Datatape, VR-3700B, recorder and signal con-
ditioning unit from which the data were simultaneously sent to a magnetic
tape and a Honeywell Visicorder. The raw data were received at the
Honeywell Visicorder in the form of traces on photosensitive paper.

From these traces the final data were reduced.

A detailed description and iocation of pressure transducers and
receiving equipment is given in Appendix B. In addition to the above
measuring equipment, two high-speed motion picture cameras (500 frames
per second) were used to observe mode! reactions during a drop.

In order to simulate vertical velocity the model was treatad much
like an object released from a certain height and allowed to fall to the
ground under the effects of gravity. Assuming no drag on the object,

the distance through which 1t falls can be calculated from

d = vi/2g (1)
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Thus for a specific terminal velocity, the object must be raised to a
specific height and released. It was also assumed and verified that
drag on the model was negligible during a drop. Maximum drop height was
2.9 inches which simulated a full-scale velocity of 12.5 fps, or 4.0 fps
in tenth-scale terms.

The model was supported above the platform as shown in the photo-
graph in Fig. 7. Crables and pressure tubing to the model were suspended
so as not to interfere with model reactions or weight during and after
the drop. Drop height was measured from the lowest point on the inflated
trunk to the platform by means of a wooden spacer bar as shown in the
photograph in Fig. 8. As such, the model attained the desired sink rate
as soon as the trunk touched the ground. Rriefly, a test run consisted
of adjusting trunk pressure to desired design cordition, adjusting model
attitude to desired pitch and roll, placing model at desired drop height,
turning on recording equipment and movie cameras, and releasing model
from its support.

Specific details on the test drop procedures and data reduction

are explained in Appendix 8.

General Results of A1l Dron Tests

A drop test involved some key events which can be defined as
follows: |
Release-~the instant the model is releaued from 1ts support,
g-load = 0.0 g, time = 0.0 seconds,
Touch--the time when the trunk touches the platform as indicated

by the first in-rease in trunk pressure from initial conditions.
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Peak Pressures--the time of highest pressure in trunk and

cushion due to the drop.
Peak Load--the time of highest accelerations or g-loads

encountered during the drop.

Top of First Bounce-~the midpoint of the time span when g-loads
and cushion pressure approach or reach a zero value. After
the niodel reaches peak pressure and g-load conditions, cushion
and trunk pressure react to push the model away from the plat-
form. The top of the first bounce is the r~ak of that upward
travel.

Figure 9 is a plot of a typical drup test at a full-scale sink
rate of 12.5 fps with -7.5 degrees initial roll angle. The key events
are pointed out directly on the curve. Cushion pressure at release is
always zero while trunk pressure starts out at a value depending on the
initial design mode of OGE or IGE. The ~raph of Fig. 9 is for the IGE
mode and trunk pressure begins at 25 ps®n. 0GE mode trunk pressure
begins at 32 psfg. Touch times vary from 0,030 seconds to 0.130 seconds
depending on the desired sink rate. Since Fig. 9 is that of a 12.5 fps
drop, touch occurred ut approximately 0.13 seconds. At touch, trunk
pressure {s still at 1ts initial value; but cushion pressure has begun
to increase since the model is appruaching the floor of the platform and
beginning to enclose the cushion air beneath the fuselane., Loads are
sti11 at a zero level since no appreciable forces are yet felt by the
model. Peak trunk pressures generally occurred 0.160 to 0.210 seconds
after release, reaching levels from 43 to 62 psfg depending on attitude,

sink rate, and 0GE or IGE design mode. If the model hard structure did
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PO ke qontact with the platrarm, pRal cashion and trunh pressures
gecurrad at approxunately the same Clme (s UOh sacands ). Haed strecture
contact forqed peak cushion pressure Lo uccur as much as 6,07 sqconds
after peak trunk “wessure,  Pask cushion vressures reachad valuas Trom
3 to AQ psfyY dapoading on sttitude, sink vote, and Ouk or 1RE design
mde,

Paak loads o.curved at epproxixately the same ingtant or slightly
after pmak pressures (+0,000 seqonds ), since they are a result of pres-
sSure reactiony,  Peair loads varied from 2.0 to 4,3 g-loady fo- (wats
without an tattial 12 degrees of pitch, depending on the other tnitia}
conditions, A pitch angle of 12 dagrees causad hard structure contagt
and resulted in o-loads from &.7 to &,1 g depending on sink rate. In
the 12-degraee pitch ases g-loads peaked immediately aftor peak teunh
pressure occurred,

The top of the first bounce generally occurred from 0,300 to 0,350
seconds after release depending on initial conditions. At this point,
the trunk pressure sought a pressure lavel near 1ts inttial value at
release, and it usually came within @ psf of that tnitial value. Cushion
pressure approachad a level from Q to 2 psfg, Both cushion and trunk
pressures sought thetir inttial values since the wodel {s out of ground
effect at the top of the First bounce, as 1t was at release., The most
important reactions and greatest changes in pressure and ¢-load occur

during this period up to the first bounce.

An important observation concerning all but the initial 12-degree
pitch drop tests can be made by a simple calculation of cushion pressure

Cimes cushion area at peak g-ioading. The g-loading of the aircraft is
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; a maasure of ttx affactive weight at the center of gravity at anv instant, N
IT the cushion absorbs all the load dua to tmpact, then the valug of
gxloading timas the waight of tha atrcraft would equal cushion pressure
timas the ares of the cushion, The vasults of these tests vrevealed !
that tha g-loading, or effactive waight of the model on the ACLS, equals
& resultant force 10 to 20 mounds of force above Pexfp.  This result :
indicutes that tha cushion is absorbing almost all the Ympact load, 1
resulting 1o 3 minimal amount of tiunk vlattening. It is the desire of
the ACLS systam that the cushion absorb as much of the load as possible. !
This rasult was not true for the 1Z-degree pitch tests with and without

rll, since the model hard structure made contact with the floor of the

R ST T L AR A T g T MR TR ST e, LT T TR AR S T R R
st

platvorn at the time of peak g-load. In this case cushion pressure was

much below trunk prassure at the time of contact, forcing the truis and

s

hard structure to absorb the impact load., Thus, test resuits indicate

12-degree pitch attitudes asre prohibitive to a landing on the CC-115
with ACLS,

MR B A T T R

Highwspeed movies of the drop tests revealed some interesting

%7

model reactions dug to initial attitude settings at all sink rates.
Evan though the model was dropped at an initial attitude of no roll or

pitch, the model wonld pitch slightly aft, or positive, as it came close

o apte PTEe o bt

o T b B -

to the floor of the platform. The pitching is due to the Tact that

the center of gravity of the model is 2.2 inches att of the center of §

pressure of tha ACLS. As such, the model would land on the rear portion

of the trunk first and then pitch sligntly forward. When the model was f

placed in an initial -7.5 degree roll attitude and no pitch, 1t would %

remain in that rolled attitude until all bounces dampened out. At that -E
& i
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point the model would roll out of its initial -7.5 degree roll to a

level attitude. This roll effect was also observed in the'AFFDL quarter-
scale tests (Ref 3:36). There was less bouncing after the first bounce
in the rolled condition than with no vroll.

With an initial 6 degrees of pitch and no roll, the movies showed
the model would remain at the 6-degree pitch attitude until touch. At
touch the model would pitch forward as much as 6 degrees depending on
sink rate. When -7.5 degrees of roll was added to the initial conditiqns,
the model would remain at the initial roll and pitch attitude until toucn.
After touch, the model pitched forward as with pure pitch bet aemained at
the «7.5 degree roil attitude untii most of che bouncing ¢¥ the model
dampened out; and then the model rolled to a level attitude.

An fnitial 12 degrees of pitch with and without roll caused the
rear of the model's hard structure to make contact with the platform at

all sink rates whether 0GE or IGE design mode.

Resuits of IGE (In Ground Effect) Drop Tests

The IGE drop tests were cenducted with an initial trunk prescure
of approximately 34 psfg and an IGE hover cushion pressure of approxi-
mateiy 16 psfg. Drop tests in the IGE condition were conducted at the

following full-scale sink speeds and attitudes:

Full Scale Speed Model Speed Pitch/Roll
(fps) (Fpsg (Degrees)
12.5 4.0 9/0, 0/-7.5, 6/0, 6/-7.5, 12/0, 12/-7.5
11.0 " 3.5 ¢/0, 0/-7.5, 6/0, 6/-7.5, 12/0, 12/-7.5
8.0 2.5 0/0, 0/-7.5, 6/0, 6/-7.5, 12/0, 12/-7.5
5.0 1.6 0/0, 12/0
3.0 1.0 0/0, 12/0
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These values were chosen to cover the full range of possible
landing speeds and attitudes of the CC-115 aircraft during a landing.

Effects of Sink Rate on Peak Pressures and Loads at the Zanter

of Gravity. Graphs on Figures 10 to 15 show the cifects of full-scale

sink rate on pe: :runk and cushion pressures and peak loads at the
center of yravivy fo. each initial attitude. The graphs demonstrate a
] b trerd that a decrease in sink rate or vertical velocity will cause a

decrease in the peak, or highest values, of pressures and loads which

g occur during the first bounce of the air~-~ft{ upon landing. The decrease
§' is as one would intuitively expect, since forces on the structure would

? be Tower at lower sink rates. The rate of decrease is affected by the
initial attitude of the model during the drop. In the case of the 0.0

: degree roll and 12.0 degree pitch drop, peak trunk and cushion pressures
were not noticeably affected by decreases in vertical velocity below

11.0 fps (see Fig. 14). 1In all other attitudes the decrease was signif-
icant. Depending on the initial attitude and sink rate from 3.0 to

12.5 fps, trunk pressure varied from 43 to 62 psfg; cushion pressure

varied from 32 to 49 psfg; and g-loads varied from 2.2 to 4.2 g-loading,

excluding hard structure contact where g-loading reached 5.1 g at 12.5 fps.
The quarter-scale tests conducted by AFFDL were run at the same

conditions but with the model center of gravity directly over the ACLS

center of pressure. The results of those tests showed that decreasing

sink rate did not cause peak loads to decrease when the model was released

with no roll or pitch., A1l other attitudes of the AFFDL tests showed

that decrease in peak conditions was due to decrease in sink rate (Ref

3:32). The probable reason for the different results obtained with ,

tre two models lies in the lccation of the model center of gravity.
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§ With the center of gravity over the center of pressure, as in the guarter-

scale model, the weight and pressure loads occur directly on the center

of the ACLS trunk and cushion dUrino a level drop; and, therefore, this

positioning results in an evenly distributed load over thé ACLS for

i PR SA R lE S e

g. o all sink rates. A
? %1 Sink rate did not affect the test resuits in any other manner than -é
g ? indicated above. Therefore, only the 12.5 fps vertical velocfty drops ;%
é ) will be discussed. These drops covered the full range of desired %'
? attitudes and show the worst possible conditions for a landing. Pressure ‘é
% and g-load values at key events for the IGE tests at 11.0, 8.0, 5.0, ' E

? and 3.0 fps are found in Appendix C. -

? Effects of Attitude on Trunk and Cushion Pressures. Figure 16

; shows the effects of initial attitude on the response of trunk pressure.

§ The increase in pitch angle from 0.0 degrees to 6.0 degrees increased

E the peak pressure 11 psf and delayed it about 0.04 seconds. Increasing

é the pitch to 12 degrees caused the model hard structure to nit the plat-

E‘ a form. This hit may account for the decrease in pressure and a more level

g t pressure distribution over time than at 0.0 degrees and 6.0 degrees pitch.

; The model hard structure has probably absorbed a portion of the load

E 5' that the trunk and cushion would have normé]]y supported, and this fact E
% caused decreased trunk pressure. /
% Roll does not appear to alter the basic shape of the trunk

&
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b

)
P

g
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pressure-time curve except to increase the time for the peak condition
to occur by about 0.03 seconds. Pressures peak at approximately the same

level for both the 0.0 and -7.5 degree roll cases.

iU

;
%
%
4
&
3
i
g

§ g\ When roll is placed in combination with pitch, the responses of
g
x %. trunk pressure match very closely to those in which tia model was pitched
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] A Figure 17 shows the effects of initial attitude on cushion pres-

.
:
:
;.

TN ke anidind

but not rolled. The model hard structure also hit when the model landed

at -7.5 degrees roll, 12.0 degrees pitch. The addition of roll to pitch %

seems to slightly decrease the trunk pressure by about 7 psf.

?f sure. Cushion pressure seems to react in the same manner as did trunk
pressure between 0.0 and 6.0 degrees pitch. Cushion pressure &% €.0
degrees pitch was 5 psf higher at peak conditions than at 0.0 degrees

pitch, and the peak at 6.0 degrees was of shorter duration. Cushion

AL

pressure at 12.0 degrees pitch showed twc leveling periods on the approach

A

kA

to peak conditions. The leveling is due to hard structure contact with
the platform. Due to the hard structure contact with the platform,

peak cushion pressures at the 12.0 degree drops occurred as much as

L AR e R e b o P ek 4

0.09 seconds later than other attitudes tested. The area under the
curves of Fig. 17 is a measure of the reaction force exerted on the
fuselage during the drop. The area under the 12.0 degree pitch curves
{ 1s considerably less than under the other two curves; and this indicates
? that the cushion did not absorb as much of the load as it would have if
the model hard structure had not made contact with the platform. This,
of course, is an undesirable condition. Load should be absorbed by the

cushion.

As with the trunk pressure, roll does not alter the basic shape
of cushion pressure~-time curve. Peak pressures are 3 psf less than with
no voll, and peak event time is delayed by about (.02 seconds.

Combining roll and pitch makes the cushion pressure curves follow
the same trend as for pure pitch with delayed event times and decreased

pressures probably due to the roll angle.
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Combined Dynamic Responses of Trunk Pressure, Cushion Pressure,

and Center-of-Gravity Loads. Figures 18 to 23 show the dynamic responses

e s e M T s e e B

of trunk pressure, cushion pressure, and center of gravity g-loads of
the model for each attitude tested at the 12.5 fps full-scale sink rate.
Drop tests conducted at lower sink rates provided the same basic shape
of curve at each attitude as those discussed here, except that the curves
rose to lower values of pressure and g-loads due to decreased sink rates.
The graphs presented in this section depict responses during the time

for the model to reach the top of the first bounce. Beyond that point,
no significant variations in the responses were observed; and it is
assumed that pilot control could change the responses of the system.

Thus those events are not reported here,

Figures 18 and 19 show responsec ror a level drop and a -7.5
degree roll drop, respectively. Figure 18 also contains pointe trom a
similar AFFDL quarter-scale model test with the short trunk. Comperison
of Fig. 18 and Fig. 19 aoain shows that roll has a minimal effect on
the dynamic responses of the system. The pressures did not cause exces-
sively high g-loads keeping the forces due to impact to a reasonable
level. The leveling of pressure after peak conditions may be cue to a
resurge of power to the fans after the force of initial impact. When
load on the fans is relieved atter peak conditions, the fans could rotate
faster, providing more air to the system and thus more pressure,

Figure 18 also contains points from AFFDL quarter-scale tests at
the same initial conditions. Note that peak trunk pressure was 29 psf
higher, peak cushion pressure 14 psf higher, and peak g-load about 1
g-load higher than the tenth~scale tests with a longer trunk. Peak

pressure conditions also occurred about 0.03 seconds sooner on the

35




quarter-scale tests as compared to the tenth-scale tests., Quarter-scale
resuits show a quicker decrease in pressure after peak conditions. This
fact is attributable to fan stail which occurred on the quarter-scale
tests (Ref 3:30). This fan stall was not present in the tenth-scale
tests covered in this report; and thus the fans of the two models show
different flow characteristics. The quarter-scale model tested by AFFDL
used two axial flow fans, while tenth-scale tests used two centrifugal
fans. Peak loads on the AFFDL quarter-scale tests occurred 0.100 seconds
after peak pressures, while peak loads on tenth-scale tests occurred
approximately at the same time as peak pressures.

Figures 20 and 21 show responses at 0.0 degrees roll and 6.0
degrees pitch and -7.5 degrees roll and 6.0 degrees pitch, respectively.
No quarter-scale comparis..is were avaiiable for these tests. Note the
effects of pitch creating sharp peaks in cushion and trunk pressure as
well as center-of-gravity g-load. Again note pressure leveling after
peak conditions probably due to an increase in fan rotation after peek
conditions.

Figures 22 and 23 show responses at 0.0 degrees roll and 12.0
deqrees pitch, and -7.5 degrees roll and 12 degrees pitch, respectively.
The aft portion of the model hard structure next to the rear trunk attach-
ment hit the platform in both cases as is shown by the high value of
g-loads (4.6 and 5.1 g-load) at the center of gravity and the erratic
behavior of g-loads after the first peak trunk pressure. The hard struc-
ture contact has probably sent vibrations through the fuselage to the
accelerometer causing this erratic vehavior after peak g-load. Unlike
previor, tests discussed, both 12.0 degree pitch cases showed peak cushion

pressure occurring about 0,07 seconds after peak trunk pressure. This
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; d
P o delay is probably attributable to the fact that at 12.0 degrees of pitch ;
%g there is not enough of the cgshion air entrapped to.absorb the 1nft1a1 §
§$ impact. After the initial ihpact,the model pitches forward entfapping g
2 %A more air in the cushion and causing a late cushion pressure peak. Quarter- %
‘ Y scale results are plotted for a 10.0 degree pitch attitude in both‘graphs %
} i instead of 12.0, which was not performed on AFFDL quarter-scale tests. é
; ; Quarter-scale points appear to shew the similar trend for late cushion §
%t % pressure peak as on tenth-scale, since thé quarter-scale modé1 also hit é
; : hard structure. Initial peak trunk pressures were 10 to 16 psf higher '
i on quarter-scale short trunk results compared to the longer trunk of
3 tenth-scale tests.
Results of 0GE (Out of Ground Effect) Drop Tests
3 The OGE Design condition drop tests were conducted by using a %
g trunk pressure equal to 32 psfg. When placed in ground effect the trunk ?
% pressure rose to 39 psfg and the cushion pressure to 16 psfg. Thus the %
OGE design point essentially placed the trunk pressure at a higher initial é
value, as the trunk comes near to the platform, than the IGE tests already i
3 : discussed.
% Since the results of the IGE tests indicated that sink rate only
é affected peak values, it was decided to conduct OGE tests onily at two

full-scale sink rates of 12.5 fps and 8.0 fps. Attitudes of the model

for both sink rates were as follows:

Pitch Ro11
(degrees) (degrees)
0.0 0.0
0.0 -7.5
6.0 0.0
6.0 -7.5
12.0 0.0
12.0 7.5
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The effects of sink rate on peak conditions and the effects of
attitude on trunk and cushion pressures were-thé same as for fhe IGE
tests. The model hard structure again made contact with thé platfdnn
when the pitch angle was 12 degrees with and without roll,

The dynamic responses of trunk pressure, cushion pressure, and
center-of-gravity g-load correspond very closely to those found during
the IGE tests except that cushion pressure was about O to 7 psf higher
and trunk pressure 4 to 10 psf higher over the same interval of time.
Center-of-gravity g-loads were about the same for both IGE and OGE tests,
and key events also occurred at approximately the same ftime. The rise
in pressures is attributable to the higher initial tfuhk pressure, whiéh
the OGE design mode calls for at the beginning of a drop. An example
of the results of a drop at a sink rate of 12.5 fps with no rnl11 or pitch
is found in Fig. 24, Plots of the remaining attitudes at the 12.5 fps
sink rate as well as tabular listings of key event values for the 8.0
fps OGE drops are contained in Appendix C.

A comparison with the tests conducted by the Bell Aerospace Company
on the tenth-scale model with the short trunk is found in Table III. Only
peak values were available from the Bell tests as found in the report by
Coles (Ref 1). The Bell tests were conducted with the model adjusted
to approximately the same dynamic and geometric characteristicsvas the
tests of this report except for the shorter trunk. Bell tests were not
performed at exactly the same sink rates and attitudes; and, therefore,
comparisons were made to an approximately matching attitude and sink
rate. The comparison shows trunk pressure, and center-of-gravity g-loads

to be about 0 to 36% higher, depending on sink rate and attitude, with
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| TABLE 111 |
Comparison of Long and Short Trunk Peak Values
1/i5 Scale Model, OGE Design Mode

{Values 1ﬁ_parenthe5es torraspond to short trunk.
Stort trunk values taken from Bell tests (Ref 1).)

Sink Speed Pitch Ro11 Pc Pt G¢.g.
(fs) (degrees) (degrees) | (psfg) (psfg) (g-load)
12.6 (12.7) | 0.0 (1.0) | 0.0 (-0.5) | 51 (54) | 60 (81) | 3.3 (4.2)
12.5 (12.7) | 0.0 (-0.5) | -7.5 (6.0) | 46 (55) | 58 (76) | 3.2 (4.4)
12.5 (12.7) §.0 (5.5) 0.0 (-0.5) 56 (54) 66 (71) 4.0 (4.5)
12.5 (12.7) | 6.0 (6.0) -7.5 {5.0) 47 (52) 61 (77) 3.7 (4.6)
8.0 (7.4) | 0.0 (1.0) 0.0 (0.5) | 46 (47) | 56 (64) | 3.7 (3.0)
8.0 (9.1) 0.0 (-0.5) -7.5 (6.0) 42 (49) 56 (73) 3.1 (4.1)
8.0 (9.1) 6.0 (6.0) 0.0 (0.0) 48 (47) 60 (70) 3.3 (3.9)
8.0 (9.1) 6.0 (6.0) -7.5 (5.5) 43 (47) 58 (71) 3.3 (4.0)
Physizal Comparison of the Two Models Tested
Bell Short Trunk Long Trunk
Gross weight (1bs) 39.3 3%.1
Center of gravity (inches)
X from nose 32.5 32.4
Z from bottom 7.5 7.0
Moments of inertia (slug-ft?)
Pitch 3.45 2N
Yaw 5.01 4.55
Ro1l 2.49 2.05
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the short trunk than with the Tong trunk as was the case with the same

comparison for the IGE quarter-scale and tenth-scale results. Cushion

pressures were generally 0 to 20% higher in Bell tests as compared to the
tests of tiis report.
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PR LY

Both tenth-scale short trunk and long trunk tests
did not exhibit any fan stall during a drop.
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IV. Static Tests

Introduction

Static tests were performed on the model to obtain stiffness of
the ACLS in level, pitched, and rolled attitudes as it applied to the
CC-115 aircraft. In conjunction with the level tests, a static pressure
footprint of the system was obtained, and equilibrium relationships of

cushion pressure, bag deflection, and area of trunk contact were developed.

Equilibrium relationships do not account for dynamic interactions, but these

results can be used as a baseline in predicting responses to various
dynamic inputs. Level or vertical stiffness tests were conducted with
loads, 1n addition to the model weight, applied over the center of pres-
sure in both the OGE and IGE design mode. The effects of the OGE and IGE
design modes will be compared. In addition, load was appiied over the
center of gravity in the OGE design mode. The results of the center-of-
gravity loading will be compared to center-of~pressufe icading in the OGE
design case. The pressure footprints were obtained with load over the

center of gravity in the OGE design mod.,

Yertical Stiffness

Procedure and Equipment. A level, or vertical loading, test was

conducted by first adjusting tru, pressure to desired 0GE or IGE con-
dition. Trunk pressuraes for each condition were the same as thosé of the
drop tests., Loads on the ACLS from 0.0 pounds up to the weight of the
model, 39.1 pounds, ware applied by placing a 1ifting force on the model
and thereby decreasing the normal model weight on the ACLS. Beyond 39.°
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%% pounds, load was applied in the form of lead-shot bags weighing approxi- f
; mately 10 pounds each. Thus, above 39.1 pounds, load on the ACLS con- 5
% sisted of the model weight of 39.1 pounds acting at the c.g. plus the é
? additional load cver the ¢.g. or c.p. The center of the bags was placed i
: on top of the model fuselage direc.ly above the center of gravity or {
g center of pressure, whichever case was being tested. At each applied ;
g load the model attitude and center-cf-gravity height above the platform %
§ were measured, Cushion and trunk pressures were also measured using %
E !

vwater maiometers. The quarter-scale results compared here were obtained {
from Vaughan (Ref 3). More details on procedure, apparatus, and data

reduction are Tound in Appendix D.

Load Over Center of Pressure, OGE, and IGE. Figure 25 shows a

vertical stiffness curve for the OGE and IGE design conditions. The :
graph depicts how much the ACLS trunk deflects for each load applied on g
the ACLS. The stiffness increases rapidly up to approximately 20 pounds

of load, then up to approximately 75 pounds of load the system stiffness

remains constant at about 125 pounds ucr inch deflection. The quarter-

scale tests of AFFDL were conducted from 39.1 to 84 pounds load and showed

a stiffness of 89,6 pounds per inch deflection. The difference between _
the quarter and tenth-scale tests, IGE, was the trunk length. The results :

seem to indicate a stiffer system by 35 pounds per iuch deflection for the
longer trunk.

b

Beyond 75 pounds of load, stiffness began to decrease, decreasing

I sk o Farl

more for each apr ted load up to 160 pounds or 4.1 g's. Above 7% pounds

A ol

the tests performed in the OGE condition indicated a greater stiffness

o s

than IGE. Increased stiffness is due to *h» {ncreased trunk pressures

of the OGE design condition which work to create & more rigid trunk

it A, o A 2
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structure at the highar loads.
Area of trunk flattening or cuntact can be obtainad using the

following ~elationship for a model in a static condition with no vertical

acceleration (Ref 3:15):

Wa = PgAc + PrAy + Aerodynamic 11€t ¢ Weight on brakes (2)

Since there is no weight on the brakes and no air flow over the body, the 4

last two terms are zero. Therefors, by solving for AT with the remaining

tems,

Wa - Pohg
AT = “w“.i;” s (3 )

T

Above 39.1 pounds, the area of the cushion Ac may be assumed constant
(Ref 3:15), which for the tenth-scale leng trunk was 2.44 square feat.
Knowing the Toad Wy applied on the cushion, cushion pressure. trunk pres-
sure, and area of cushicn, one may easily obtain the trunk contact acea.
Below 9.1 pounds of load on the ACLS, the model is being 1ifted above
the platform and the trunk flattening area is zero. In this case any load
being supported by the ACLS is being done .olely by the cushion pressure
on the cushion area.

| Figure 26 demonstrates how area of trunk flattening changes with
respect to ACLS deflection and alsoc height of the model center of gravity
above the ground. An increase in deflection or decrease {n center-of-
gravity height corresponds to increased loading. The data gathered from )
the IGE and OGE fests show a linear relationship between area and deflection

or height up to approximately 2.6 inches deflection, 9.4 inches center-of-

TR

gravity height. The slope of both curves in the linear region is
approximately 0.5 ft2 per inch of deflection or canter-of-gravity height.
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The results weae the sama for hoth [GE and OBE tests, which soams to
ndicote that for these pradsures the area of trunk ¢ontagt 18 a strlge
fungtion of the deflection of the bag and 1§ tndependent of trunk predsure,
Figere ¢ 3140 ghows quarterssvale results tn the 168 case only (Ref 3:%).
In the AFFDL quarier-scale tests, the ranga of Joads was smaller than Vn
tha tentr-sueale testy byl the resulling curve was tinear {n the same region
38 for the tanth-tcale model. The glopa of the quarteér-sygle Yine ts
agproxymately 0.8 Ft? por inch of datlection showing nove area flattening
per tnch deflacttion fev the shovt teunk than the long trunk. YThis result
corrasponds to tha decresse tn stiftness of the shorter trunk as conpared
to the longar trunk,

Flgure &7 shows the varifation of trupk pressuré with arsa of trunk
contsct tn the Qab and IGE caves. In sddition, results from the AFFLL
guarter-scale tests in 16E mode are plutted, Quarter-scale short trunk
tasts domonstrate morve area contact for & specific pressure than do tanth-
scala Yong trunk westa, which corresponds with tha resulis which have baen
discussed,

Figure 28 demonstrates how much of the totai laad the trunk supports

for each load on the ACLS. The parcentage is calculated as follows:

PoA,
~LL w100 v % Load on Ay (4)
N

A
The remainder of the load is supported by the cushion. The IGE case, of
course, shows tha trunk supporting more load than OGE; since OGE load-
daflaction characteristics are stiffer., Quarter-scale tests with the
short trunk show the trunk carrying considerably more load than the long

trunk, The long trunk design, therefore, shows an improvement since it

§
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is more desirable to have the cushion support most of the load and thus

keep trunk flattening and'possibie surface-to-surface contact to a

B S o A= e

minimun. Note also that trunk flattening did not occur with the long
trunk until approximately 60 pounds of load, while the short trunk of 3
the quarter-scale model showed flattening at the norma] 1anding weight 4
of the model. The decrease in long trunk flattening 1s.probab1y due to

the increase in cushion area caused by the longer trunk. As shown

in Fig. 29, the quarter-scale trunk and cushion pressures were about

the sume as thosc for the tenth-scale at IGE conditions. The increase
A in cushion area of the Tong trunk allows more weight to be supported at
a given pressure.

figure 29 also compares 0GE to IGE pressures. Trunk pressure in

the OGE mode was 4 to 7 psf higher than in the IGE mode as expected, and

the cushion pressure was about 2 psf higher above 39.1 pounds. Below
39.1 pounds of load on the ACLS, the cushion pressures were the same for
both cases,

Cushion to trunk pressure ratio (PC/PT), a dimensionless scaling
parameter for the ACLS, increased from 0.5 for 39.1 pounds of load on ACLS
to about 0.9 for 160 pounds of 1oad on ACLS as shown in Fig. 30. ;

Effects of Shifting Load From C.P. to C.G., OGE, In addition to

loads over the center of pressure, the model was also loaded over the
center of gravity with the design point set in the OGE condition. This
sectior will compare the effects of shifting load concentration from
over the center of pressure to over the center of gravity, both in the

OGE design condition. No guarter-scale resuits for 1¢ 1 over the center

55
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of gravity with the centeerf pressure forward of the center of gravity
are availabie. |

Figure 31 shows the model center-of-gravity defiection for each
load. When 39.1 pounds. or more, of load is applied over the center of
gravity, the stiffness of the ACLS decreases as compared to applying foad
over the center of pressure. When load is applied over the center of
gravity the model begins to pitch and increases that pitch with increasing
load as shown by Fig. 32. This pitching is due to the fact that the
center of gravity of the model is 2.2 inches aft of the center of pressure
of the ACLS. Thus a load at the center of gravity causes the aft portion
of the trunk to defiect, which in turn forces the model to pitch. When
load is applied over the center of pressure the ACLS deflection is
distributed evenly over the whole trunk, preventing a pitching of the
model.

Figure 33 shows the variation of trunk area contact with center of
gravity deflection for each load. The position of the load does not affect
this relationship as the graph in Fig. 33 demonstrates. The graph is
linear up to 2.6 inches of deflection with a slope of 0.5 ft? per inch
deflection, as was the case with a similar graph discussed in the last
section. With the load over the center of pressure, the area was evenly
distributed fore and aft of the center of pressure; but with the Toad over
the center of gravity that same area is apparentiy concentrated aft of
the center of pressure due to the pitching of the model. Tigurl 34 3niws
the variation of trunk pressure with contact area for both load positions.

Figure 35 shows how much of the total load the trunk supports with

load over the center of gravity and load over the center of pressure. Due
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to the pitching of the mudel, more load {s being supported by the trunk
when the Toad 1s over the center of gravity. The trunk began to support
load immediately after the load was increased above the normal hover
we' "t of 39.1 pounds and leveled off at 30 percent of the total load
from 140 to 160 pounds of load. A load of 160 pounds is equivalent to
a 4.1 g-load on the aircraft. These static loading tests show that even
at high g-loads most of the force will be absorbed by the air cushion.
Beyond 39.1 pounds slightly less trunk pressure ard cushion pres-
sure are required for load support, when that load is applied over the
center of gravity as compared to over the center of pressure. Thic
variation of pressure with load is depicted in Fig. 36. The decrease can
only be attributable to the pitching of the model due to the load being
over the center of gravity. With the model so pitched, the forward por-
tion of the trunk 1s receiving a smaller portion of the lead and 1s also
rising above the floor allowing some air in the cushion cavity to escape
to the atmosphere. This Fflow was felt by hand at the forward part of the
trunk. The escape of air would force cushion pressure to uJdancrease due
to the pitched attitude as compared to a level attitude where the cushion
air 1s more entrapped by the trunk. The trunk now supports more load,
and since trunk contact area is greater with loads over the center of
gravity, lower trunk pressures are required with center-of-gravity
loading than center-of-pressure loading for the same load. Figure 37
shows the variation of cushion to trunk pressure ratio with load for the

two loading positions.

Roll Stiffness

Roll stiffness of the ACLS was obtuined by applying a torque about

the center of gravity of the model in the roll plane and then measuring
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the roll angle caused for each torque value. Initial tiunk piressure
was set to the ILE design mode. The torque was created by placing «
load at the starboard wing tip of the model and using the wing as a
moment arm about the center of gravity. In order to maintain a constant
load on the ACLS during torquing, a load equal in magnitude but opposite
in direction to the torque load was applied at the center of gravity of
the model. More details concerninn procedure are found in Appendix D.
The present configuration for the CC-115 with ACLS attached has
the center of cravity aft of the center of pressure of ‘he ACLS. As
was explained in the vertical stiffnecc section, this causes the mode’
to pitch in the positive direction. In the hover condition, 39.1 pounds
of load on ACLS, the model is pitched at an angle of 2 degrees (see Fig.
32). In order to simulate an actual rolling situation the model was
left in this initial pitched condition during roll stiffness tests.
This pitch angle did not change during the tests. The model was torqued
in roll until the wing touched the platform.
The results of the rolling stiffness tests are presented as a
stiffness curve in Fig. 38. The stiffness curve shows thal as roll

angle increases, stiffness in roll (inch-ibs/degree) decreases.

Pitch Stiffness

To obtain pitch stiffness of the ACLS, the model was torqued about
1ts center of gravity in the pitching plane, and the pitch angle was
«easured for each torque value applied. The trunk pressure was adjusted
to the IGE dvsigy condition. Positive and negative torque were obtained

*y placing a load at the tayl of the fuselage and using tne fuselage as
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tha momant arin. As In roll, thu load on the ACLE wag kept at a constant
9.1 pounds, the modal welght, by applying equal and opposite loads at
the center of gravity, More detatls on procedure and data reduction are
founa in Appendix Q).

As explainad above, the modal has an intuial 2 degres pitch angle
at the zero torqua condition about the center ef gravity. The pitch
stiffnass results are depicted in a stiffness curve shown in Fig., 39.
The curve 1s quite linear from -2.0 degrees to 5.2 degroas of pitch;
however, the slope of positive torque ia different than negative torque.
From 2.2 degrees to 5.2 degreas, pitch stiffness Is approximately 3.3
foot-pounds per degrea pitch, while from -2.0 degrees to 2.2 degraes,
pitch stiffness increases to 6.2 foot-pounds per degree of pitch., This
varfation in stitrness is again due to the center of yravity location
being att of the centar of pressure. More torque was necessary to force
the model to pitch forward than aft of its nominal 2 degree pitch hover
attitude. Aft hard structure of the model touches the floor at 11.2
degrees of pitch, while forward hard structure touched at -6.0 degrees
pitch. Stiffness decreases quickly beyond both lingar regions of the

curve.,

Pressure Footprint

To examine the pressure being felt by a landing surface beneath an
atrcraft equipped with ACLS, 1t was necessary to obtain a nressure foot-
print of the model. These tests were accomplished for the case of the
load over the center of gravity and with initial trunk pressure set at v

32 psfg in the OGE design condition.
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The prassure footprint was obtainad by tmbedding a plate with
40 pressura taps which wavs 1 Ynch apart un the tast platform as shown

in Fig. 40, An ovarlay of the trunk and cushion as 1t would appear in

168 normel hover condition 1s also shown in Fig, 40, with 36 taps running

divectly beneaath the mode! longitudinal centerline and 12 additional taps

T B

running perpendicular to the longitudinal axis out to the port side of

the model. The modal was placed on the plate so that the ACLS center of

g™t y.f
ol 4

pressure would be directly above the intsrsection of the two lines of
taps.  Taps were placed only on the port side due to the symmetry of the

system along the roll plane of the meodel. Tubing was run from the taps

to a Scanivalve which measured all 48 pressure points in 20 seconds. The

Scanivalve is a special prassure transducer whose operation is explained

e T el O e R

1in Appahd1x 0. The pressure signals from the t{ransducer were collected

in the samg mannar as was done for the pressure transducer of the drop

T o, I S

tests with final data appearing as traces on photosensitive paper. A

typical test run consisted of adjusting trunk pressure, applying desired

load over the center of gravity, recording pressure tap signals, and
recording trunk and cushion pressures from water manometers. Pressure
footprints were obtained for each of nine loads on the ACLS: 0, 5, 39.1,
59, 80, 100, 120, 140, and 160 pounds. Loads were applied using the same
procedure as in the vertical stiffness tests. More details on the equip-
ment used, the procedures followed, and data reduction are found in
Appendix D,

The pressure footprint was plotted on graphs as pressure versus
pressure tap location from the center of pressure of the ACLS for each

load applied. The case for zerc load resulted in no pressure on the floor,
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as was expected, and was not plotted. Figures 41 to 48 show the pressure
profiles for each of the loads tested as well as the trunk and cushion
pressure during the test. Negative pressures result from the flow of
alr from the cushion cavity beneath the trunk passing over taps directly
ocutside of the trunk periphery. Since it was difficult to maintain the
model in its desired positon over the taps as more load was applied,
some points on the plots often vary from one position to the next. The
curve drawn through these points gives an average value of the pressure
at those approximate locations.

Figure 42 shows the floor pressure with the model at its normal
landing weight and hover condition. Containment of air in the cushion
by the trunk is obvious from the increased pressure near the center,
which drops off slightly as the forward portion of the trunk is
approached. Floor pressure beneath the cushion was the same or at most
1 psf higher than the cushion pressure. This difference is probably due
to some air flow from the vent holes in the trunk directly onto the pres-
sure taps beneath them. With the center of gravity aft of the center of
pressure, the model becomes pitched, as has been explained; and this
pitching allows more air flow out of the forward cushion area than
anywhere else. This last fact can probably account for the decrocased
pressure under the forward portion of the trunk as compared to the rear
purtion.

Figures 43 to 48 show pressure footprints with loads above normal
hover weight. Note that pressures beneath the forward trunk and cushion
are about 1 to 2 psf higher than aircraft cushion pressure; and the addi-

tional load is now causing part of the rear trunk to flatten out, which
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is demonstrated by a sharp increase in pressure on the floor to a point
very near or equal to trunk pressure. As more load is appiied, the trunk
flattening area becomes larger, and the distance over which the increased
prescure on the floor is being felt also increases. This distance is a
measure of the width of the rear trunk flattening. Note that the port
side of the floor pressure is near cushion pressure, indicating no trunk
contact for all Toads. In general, the floor pressure was slightly higher
than aircraft cushion pressure, unless the trunk flattened, in which case
floor pressure approached or equalled trunk pressure.

If enough taps were available to measure around the entire surface
beneath the model, one could obtain'an approximate shape of the trunk
flattening or contact area by noting the distance over which the floor
pressures approach the trunk pressure. A plot could then be laid out
showing the approximaic trunk flattening or contact area where high pres-
sures were recorded. A measurement of this nature would require more
equipment and a more elaborate pressure recording procedure. Based on
data gathered from pressure footprint tests of this report, the trunk
contact a.ea, for model loading over the center of gravity, probably takes
on an approximate shape as shown in Fig., 43. The «rt portion of the
trunk from the center of pressure location aft, begins contact with
increasing area towards the rear, This total area increases with

increasing load,
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V. Static Braking Tests

Introduction

Braking of an ACLS equipped aircraft was briefly described in the
introduction of this report. In order to brake th. aircraft, cu.nio.
pressure must be decreased allowing a portion of aircraft weight to be
shifted onto the brakes. The cushion pressure is decreased by inflating
brake piliows which increase in height from the ground. Raising the
trunk allows more cushion air to escape, thus decreasing cushion pressure.
Cushion pressure can then be thought of as a function of brake height,
and it is important to know how much brake height is necessary to achieve
a cushion pressure which will allow the aircraft to decelerate at a
desirable rate when brakes are applied. To determine this relationship
of brake height to cushion pressure and deceleration, braking tests were
conducted on the tenth-scale model. OData discussed ir chis report up to
this point have shown the responses and effects of the ACLS to a larnding
or hovering attitude. The brak .4 data enhance the previous results by
showing the static responses and effects uf the ACLS in a braking or
decelerating me4=, The braking tests conducted were of a static nature
which demonstrate the effects of brake height on cushion pressv e ftrunk

pressure, and drag or deceleration.

Equipment and Procedures

Brakes were simulated with wooden blocks and rubber pads for each

brake height according to Zimersions shown in Fig. 50. The ACLS s designed
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Uy ase iy of those hrake pillows attached to the att portien of the

Crunk, as was shown in the Introduction ta thin report (see Hyg, 1),
Tasts were conductad at sin brale hetghts: 00, 057, 1,08, Y56, .44,
and Q.30 tnchas, tacluding rubbor pads.  An explanatfon o the Hrale
stelation and attachment 14 found {n Appendix |

Betore brakes are appiiad, the full-seale afroraft would have an
IGL Crunk presswre equal to 342 pstg.  Applying hrakes would change trunk
amd cushion pressures. To simulate & similay situation the model had vo
be set ‘nto an LGE destign mode with teank pressure equal to 34 psrg, Tat,
without brakes. Hrake blocks had to be attachad {0 the Tnflated trunk
while the modol was ahove the plattform, out of ground eftect. Provious
tasts had shown JNhat whenaver the model was ratsed cut of groung effect
trom the hover conditron at a trank prassure of 344 psrg, 6L, the trunk
prassure would drop to 2o pstg, 0wl Therefore, for braking Lests the
model was set at 26 psfy, 0w 1 brabes were not attached, raising the
trunk above the platform floor, trunk pressure would have returned to
oA psfg when the model was lowered to the hover condition, 1GE. With
this procedure, the proper IGE design mode could be easily obtatnad with
the brakes attached. For each brake helght tested. cushion pressure and
trunk pressuve were measured from the water manomaters. In addition, the
model was pulled at Its center of gravity, and the force required to m ke
the model just begin to move was muasured by use of & spring scale with
a range from Q to 25 pounds. The force measured was a static drag or
frictional force. The coefficient of friction between the rubber pads of
the brakes and the brown paper surface on the platform was found to be

0.8, which 1s a typical coefficient of friction between a normal runway
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e tw ke ab ) w i

and the ACEN. A Lypieal tost run consisted of attsching “eake blocks,

adJustiag teank prossurs, Toworing the madel onto tha platoorm, measuring
trunh and cushion prassures, pudiing the mode!, and mwasuring drag ov
Forva of that pull. More detalls an proceduras, oquipment, and data

reduction ara found {n Appendin L

Results,

During thitial pull tests on braka hefghts of &.60 and 2.08 tnchus,
1t was noticed that tne two most Yorwerd brakes weuld pivat eround thetr
forward edga as shown 1o Pig. &' This H1Ning prevented the proper ares

Arre m A e M Umaey et

< - ."‘ . . e e —————— @ ‘l

\\\............. 4._..__< w ’,"_,,.»m'“""'

NS VIS

S— e s et e e

Fig. 51. ‘lorward Brake Tilting

from being 1n cortact with the surface, The tilting is due to the solid
construction of vhe simuiated brake pillows. Full-scale urake pillows,
constru~ted of an elastic material, would compress. In order to simlate
that compression, the forward wooden blocks for each of the two heights
mentioned ware modified as shown in Fig. 52. The edge of the block was

sanded down until proper contact area of 2.54 square inches was obtained.
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}\q. 52, Forward Brakms Modification

The blocks were placed in this condition only for pull tests to obtain

a proper drag value on a required contact area. The overail height of

the six brakes at 2.60 inches and 2.08 1nches was not altered during the
pull by this adjustment. Cushion and truni prassures werg obtained before
and after the adjustment, and these slso did not changa. The blocks of
the lower brake heights did not axhibit this compressing erfect at the

Yirst motion of the model and were not altered.

Figure 53 shows how brake height affects trunk and cushion pressure.

Cushion pressure decreased most rapidly between 0.57 and 1.08 inches of
brake helght, indicating a possible transition point between these two
brake haiyhts which greatly affects the cushion pressure. This transitinn
is probably attributable to a critical distance above which the jet cur-~
tain arcund the trunk periphery ceases to provide a seal to maintain a
high cushion pressure. When the jet curtain 1s broken in this manner,

the cushion pressure {s decreased. Trunk pressure decreassd as brake
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height was incraassd te 1,86 inches and then Teveled off and gradually
Increased with increasing brake height. As brake height was increased
whe madel bayan pitching forward; and above 1,56 inches of breke heignt
the torward portion of the trunk began to compress and tlatten, causing
the incredsa in trunk pressure.

The effects of brake hetght on static drag are shown in Fig. 54,
Note the sharp Increass in drag for brake heights from 0.57 inches to
1.06 inches. The rapid decrease in cushion pressure within this region
has placed more load on the brakes, forcing the brake drag of the model
to increase. Additional brake height above 1.d8 inches dues not increase
dray appreciably.

Deceleration rates tor each brake height were calculated from the
drag data. The method of calculation is found in Appendix E. Figure
55 shows the effects of brake height on deceleration in terms of ge's
(0 9o = 32.2 tt/sec?). Deceleration, being a function of drag, follows
the same pattern as drag, showing a rapid increase up to 1,08 inches of
brake height. Above that point deceleration is almost constant at
approximately 0.34 o The increase in brake height had no substantial
effect on the deceleration rate above 1.08 inches of brake height, and
thus brake heights above that point provide no worthwnile improvement in
braking.

Figures 56 tc 60 are photographs of the starboard side of the
mecdsl showing the brakes attached to the trunk. Figures 59 and 60 show
the rear portion of the trurnk above the floor for brake heijhts of 2,60
and 2.08 inches, respectively (numbers shown on model are approximate

brake heights). The rear trunk was raised by the brakes approximately
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Fig. 56. Starbcard View of Brakes, £.60 inches

Fig. 57. Starboard View of Brakes, 2.08 inches
86

b don r i Y TTLe, de At Ty AN Y i y Ty o D i NS L SN Y




Fig. 59. Starboard View of Brakes, 1.08 inches

e

Fig. 60, Starboard View of Brakes, .57 inches
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1.5 inches above the floor for the 2.60 inches brake height and approxi-
mately 3/4 inch for the 2.08 inches brake height. At other brake heights,
the rear portion of the trunk mairtained its normal hover attitude.

The amount ¢f 1cad being carried by the brakes can be calculated
if the trunk area contact is assumed to be zero. With trunk area being

zero the equiiibrium equation discussed in Chapter IV becomes
Wa = PCAC + Fb
where Fy is the vertical load on the brakes. The air cushion provides

negligible friction; therefore, the drag on the system durinyg braking is

entirely due to the brakes, and
Fp = Drag/u (5)

From the braking data, it was apparent that trunk contact area
only began above 1.56 inches of brake height. This fact was ob.erved in
increased trunk pressure above 1.56 inches as was discussed. Thus, up

to 1.56 inches, the load on the brakes may be calculated as shown above.

This calculation reveals that the © - - -«wport as much as 42% of the
total load at 1.56 inches of - = . . shove that height the trunk
begins to support a portion - - : - ~reased brake height offers
no advantage to braking or cecc:. - ... discussed,
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VI. Conclusions and Recommendations

Conclusions

An experimental investigation of the Air Cushion Landing System
has been conducted with a one-tenth scale model of the CC-115 ACLS equipped
aircraft. The collected data have revealed the following conclusions:

1. The cushion absorbs most of the impact load due to the vertical
velocity at all fulli-scale sink rates from L.0 to 12.5 fps except for a
12.0 degree initial pitch attitude with and without roll. Pitch attitudes
of 12.0 degrees caused the hard structure of the model! to make contact
with the flcor. A comparison of the long and short trunk tests revealed
that trunk pressures and center-of-grivity loading were as much as 36%
higher in the AFFDL and Bell short trunk drop tests as compared to the Tong
trunk tests of this report. Cushion pressures of the AFFDL and Bell short

trunk tests were as much as 20% higher than long trunk tests.

2. Vertical stiffness of the tenth-scale long trunk was approximetel,
125 pounds per inch of trunk defiection between 20 and 75 pounds of load on
the ACLS.

3. Forward, or positive, pitch stiffness was found to be about
88% greater than the aft pitch stiffness of 3.3 foot-pounds per degree of
pitch. Roll stiffness increased with increasing angle up to 46 inch-pounds
of required torque for a 16-degree roll angle.

4. Up to loads of 4.1 times the model weight the przscure footprint
of the ACLS never exceeded the trunk pressure at that loading. The trunk

pressure of the model at 4.1 times the model wejght was 55 psfy.
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5. Braxing tests revealed that brake pillows above 1.08 incras
of tenth-scale brake height did not increase deceleration rates beyond

about 0.34 g.

Recomrendations

Based on the results of this study the following recomaendations
are made:

1. Data from the drep tests revealed differences in ACLS responses
between the tenth-scale model and the quarter-scale model due to the dif-
ferent fan charazteristics of the two modeis. An irvestigation should be
made to observe how the ACLS is affected by the use of a centrifugal flow
fan air supply as opposed to an axial flow fan air supply. The investi-
gation should also reveal the benefits and cizadvantages to ACLS of the one
system as compared tu the other.

2. Theorelical computer sodels of the ACLS should be developed

incorporating the results gathered from this ¢tudy.
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APPENDIN A

Uetorminatyon of Madel Siatlartty and Loyipment Inygalation

Ingrodygt ion
This appandix descreibes how the tenth-scale wodel wan chacked and
adjustad to sutt deslred geometric and dypamdc similarity to 1ix fuld)-

scalg counterpart., on addition, specifications and locattons of all

equipmant instatlud o the madel are pravided,

Fhysical Dimensions of the Madel and Tryek

AT physteal dimenstons sacl as wingspan, tusalage leneth and
width, and trunk ltength were chacked and verifiml as being equivalent
to full-scatle dimenstons by usting the scalivy parameters found in labie
ot Chapuar 1o The Drunk was constructed by the Bell Asrospace Company,

and Its specifications t» the Qub Intlated condition {trunk prassurce =

32 psty) are tound in iy 61,

Lquipment Installatyon

Bafore adjusting the model conver ot yravity location, all neces-
sary equipment was installaed in the model. This equipment consisted of
the canirifugal fans, the motor to rotate the fans, two pressarve trans-
ducers, and four accelerometers., The tfans and the motor were described
In Chapter JI. Specifications on the pressure transducers and the
acceleromaters are as follows:

Prassure Transducers (2):
Statham Differential Pressure, Ballows Transducer
Model PL 2B3TC-0.5-350
Range: +0.% psi
Low side vanted to atmasphere
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Abl MO Fwi
HIRATGHT SIRATUW

Ho(fnches)

Forward centerling J-3/4
Forward straight 4.3/8
Mid 4-1/4
Aft siratght §-1/8
Aft centerline 3172

atedth from A to B (inches)

Forward canterline 11678
Forward straiyght 14-1/4
Aft stratght 14-1/4
Aft centerline 11-1/4

Jat norxlas, AJ

Dtamatar of each (Inches) 0.034
Total Ay ares (sq inches) 3.32
Uistance Sy (1achas) 3.075
Distance Sp (Inches) 0.616

Cushion vent orifices, A,
Number of holes 34
Diameter of aach hcie (inchas) 0.5

Trunk length, L (inchas) 38-1/18

Fig. 61. Trunk Specifications of Tenth-Scale Model {From Ref 1:351)
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Avvelurometors (4).
consat idated L lec tradynamics Gorparation
Modal 4208 -00M
Range: 8 ¢'s

the locatton of this aquipmant on the modal {8 found tn Fig, 62, In
addition to this equipnmant, plastic tubing was led from the model to

the manomoters tuo measuve static trank and static cushion prassure
directly when the model was tn an equilibrtum condityon. This tubing
arvangement 13 also chown wn Fly. 62, Although taps tor cushiion prassure
measuvred by tha transducer and the manomater were at two differvent loca-
tlons, the vesulting values of the two locations ware equal. The canter
of gravity accalarometer was placed as close to the wndel center ot
gravity as poss.blae. The ran motor location pravented the accelerometer

from being exactly at the center of gravity.

Weight and LCenter of Gravity Detarmination

After all equipment, excluding plastic tubing, was installed, the
model was waighad on & Toledo o ale which has a range from 0 to 800
pounds In 1/&-pound increments. The model weighed 38.0 pounds. The
model was left at this weight to adjust the center of gravity Yocation.
The model center ot gravity was fixed and checked in each of three axas
as shown by Fig. 63, First, the location in the x-axls was adjusted by
balancing the model on two pivot points on the port and starboard sides
of the fuselage at the desired centar of gravity location. Small weights
wera added and subtracted at vartous locations on the model until 1t was
perfectly belanced on the pivoting stand as shown in Fig. 63. To establish
the center of gravity location in the y and z directions, the model was

suspended by an ayelet hook in its tail via parachute cable fram a beam
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CENTER OF GRAVITY ACCELEROMETER
LONGITUD INAL ACCELEROMETER

(All dimensions In inches)
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Fig. 62. Measuring Devices Installation
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above the floor, and the model was allowed to hang freely. Next, a string
with a plumb bob was droppud along planes parallel to the y and z plane
directions as shown in Fig, 63. For the z direction, it was desired

that the plumb bob Vine would intersect the alveady fixed x center of
gravity point, as it so did, In the y direction, it was desired that

the plumb Tine would fall slong the longitudinal centerline of the model,
as it also did. The model was again weighed, and additional weight was
added to the model center of gravity location to bring the model weight

up to the desired 39.1 pounds. To insure that the center of gravity had
nct changed, the procedure to adjust the center of gravity was repeated,

and no changes were found to be necessary.

Moments of Inertia

After the weight and the cente. of gravity were fixed, the moments
of inertia of the model were experimentally obtained in roll, pitch, and
yaw. To accomnlish this measurement the model was hung from a support as
shown in Fig, &4 in each of the roll, pitch, and yaw planes. Hung in this
menner, the model was deflected from its equilibrium position in each
case and allowed to freely oscillate in the roll, pitch, and yaw planes.
The model was allowed to oscillate for a specific number of cycles, one
cycle consisting of the swing from one side of an arc to the other and
back to its initial position. While the number of cycles was counted,
an electric timer was used to measure the duration of the specified number
of cycles. In this manner the frequency of oscillation was obtained,
the inverse of which is the period of oscillation T. Once the prriod,
the weight or mass of the model, and the pivot point distance fr..u the
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3 1 center of graviiy were known, the moments of inertia about the three axes
4 ;f of pitch, yaw, and roll could be calculated using the follcwing equation
N ? for each plane:

: | o

s P Me2 (A-1)
} 1

g In order tc obtain the pariod by this method, it was assumed that
| drag on the model during oscillation was negligible. This experimental
& : procedura was performed several times in each plane in order to verify
5 : the resuits. The moments of inertia of the model were found to be:

¢ Pitch: 2.71 slug ft2

Roll: 2.05 slug ft2

i Yaw: 4.55 slug ft?
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APPENDIX B

Equipment, Procedures, and Data Reductioun
For Drop Tests (OGE and IGE)

Introduction

This appendix discusses the electronic equipment, the procedures,
and the data reduction used to conduct the drop tests of Chapter III.

The discussion applies to both 0GE and IGE drop tests.

Recording Equipment

In order to gather pressure and g-load data during a drop test,
two pressure transducers and four accelerometers had to be installed in
the model as was explained in Appendix A. The signals from these devices

were calibrated and then transmitted as shown by the schematic in Fig. 65.

SIGNAL
== CONDIT |ONER TAPE RECORDER
)
PRESSURE
TRANSDUCERS
AND
ACCELEROMETERS
TIMING UNIT
I
30 CPS
VISICORDER FILTER
N

Fig. 65. Electronic Signal Path
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The calibrated signals from these devices were fed into a Bell and Howell
Datatape recorder and signal conditioning unit where they were converted
into electronic impulses. These impulses were then recorded on magnetic
tape for later reproduction, if desired. At the same time the condit{oned
signal was also fed into a 30 cycles per second filter to eliminate |
undesirable noise in the signal., From that point the filtered sijnal was
fed into a Honeywell Visicorder model S06A1680GH. Filters with frequencies
above and below 30 cps were tried and were found to either include too
much noise due to fan rpm or to eliminate data peaks that were considered
important. The visicorder transformed the filtered signal intoc traces on
Kodak Linagraph Direct Print Paper, which was 6 inches wide. All six
signals or iraces were recorded on the 6 inch wide paper but were easily
discernible for data reduction. Attached to the Visicorcer was a Honeywell
Timing unit which provided timing lines across the width of the paper every
0.01 seconds. The paper was run in the Visicorder at 50 inches per second

for each drop test. Data reduction was performed directly from the traces

"of the Visicorder. The process of data reduction and accuracy will be

explained shortly.

Model Support Cables

The model was supported by three points as shown in Fig. 66.
Parachute cord was used to attach the three points at one central point.
This arrangement allowed pitch attitude to be adjusted by use of the
forward or nose cable and roll adjustment by use of the port and starboard
cable. From the central point another parachute cord was tied and fed
through an overhead pulley held up by an overhead hoist. The cable through

the pulley was fed onto a shaft of a Boston gear reduction unit with a 30
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tu 1 ratio. The gear reducer was located on the floor of the platform.

In this manner the overhead hoist was used for coarse height adjustment
and the gear reducer for fine adjustment. Cabling and pressure tubing
to the model was supported by the overhead hoist in such a way as not to
g interfere with the model motion or weight during a drop test. The model
! | was released at the desired time oy cutting the cable tied to the gear

reducer with a pair of scissors.

Photography

Two high-speed cameras (500 frames per second) were situated as

shown in Fig. 67 for the drop tests. Cameras 1 and 2 were used for IGE

tests, and cameras 1 and 3 for OGE tests. Position of the cameras was

TR

changed for the 0GE tests merely to provide a different view of a drop test.

TR

T R

Fig. 67. Camera Positions

Transducer and Accelerometer Calibration

At the beginning of each day of drop tests, all instrumentation

was calibrated. The two pressure transducers were calibrated simultaneously
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by placing a known air pressure, measured by a water marometer,
directly to the measuring port of each transducer. At 2ach pressure
of 0, 5, 10, and 12 inches of water the corresponding signal was
recorded on the Visicorder paper and its pressure value noted. The
accelerometers were calibrated using the normal forve of gravity due
to the earth, and the fact that the accelerometers measure acceleration
only in the plane in which they are mounted. When the model was level,
all accelerometers except that on the longitudinal axis were considered
at +1 g-load due to the 1 ge of gravity. The longitudinal accelerometer
was considerec at 0 g acceleration. 7o obtain a -1 g-load deflection ?
on all but the longitudinal axis accelerometer, the model was turned
upside down, and to record a +1 ge acceleration on the longitudinal
axls and 0 g-load on the remaining accelerometers, the modei was
placed on its nosz2 perpendicular to the base ot the tongitudinal
accelerometer. This method is effective, since the accelerometery anly
measure loads or accelerations along the perpendicular axis to which
they are mounted. Thus when this axis *: placed rerpendicular to the |
ge vector through the floor the accelerometer will read zero. At each
position mentioned, the output signal was recorded; and its g-load or
acceleration value noted. Thus for each value of pressure and g-load
cr acceleration a corresponding deflection of the line trace on the

3 Visicorder paper was measured and a calibration factor deveioped in
terms of the amount of pressure or g-load per inch deflectfon. The
calibration factors for each series of dror tests are listed on

the rext page.
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Note: Gp--nose accelevometar; Gy--port nacelle accelarometar;
Gp-~Tongitudinal accelarometer.

Trunk Pressure, Cushion Prassure,
Fan _rpm, and Barometric Pressure

Initial trunk pressure had to be adjustad to 34 psfy (6.6 inches
of water) for IGE tests and 32 psfy (6.05 inches of watar) for OGE tests.
In each case the desired trunk pressure was obtuained by covering the vant

holes in the cushion cavity as shown In Fig. (9. These holes were covared

emdn oAt A% e wewh it L At RTRS 4B AT AT A= rim s e e &k AR ESS R % LA A

using masking tape. Fourteen holes

ware covered for the OGL mode and

two noles Tor ¢he IGE mode. Cover- L e I
e
ing the holes restricts air flow / \\
o .... ;..,.‘,..\.\,...‘.....;«...‘. cmemrena ...,: ; .:..:_.-\...‘)\ {

out of the trunk, thereby increas- (Becvococooge vt SR

@5«3 OO0 0loO0UCLG0 G
ing trunk pressures and decreasing
air supply to the cushion. The de- \\\\. L

sired trunk pressures were obtained
IGE MODE

with fans rotating ot 8600 vpm simu-

latiny a 640 full-scale horsepower Fig. 68. Trunk Vent Holes
supply.  Teunk pressure in the equilibrium condition was measured by a
Mariam Type W wate' marometer with & range from 0.0 to 40.0 inches of

water. Cushion pressure was measured in the same condition using a 15
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teh CODU watey manome i e ot siahoie Coy s were veilbod (o the atiasphetw
Looyive yauyge pressare,

Fan vpin was measured by means of o teneral Radio Coimpe v atroboseope
wWith o range teon 100 o 2H 000 epaand acvurate to the wear st 10D rp,
Phe stroboscape Tight was diver tea onte Cw tan bladex and the 1iunt Yee-
quancy adjusted until the fad hlades oo eaved stationgry. At that tine
tha fan vra was vecarded Froam cpe stroboscape,  llarometcic pressure was
recorded from a Hass Deoihers Tostrumentattan Conpany meevury-f 1 lad

bavomater, The harameter provided atiospheric prossury to the nuaraest

0,1 mm of mercury In addition a thewometer wah actached (o the Lavometor

] L@ty temparalure in degraes centigrade to the ngareast 0.5 deyreas,

Ralt_gnd |
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dich Attituee Adfustient

ROV and piteh angles wore obitained as shown in big, 60, The maded
was tirst sut o that 10 was pertectly Tevel above the tloor, {0, its
roll and piteh axes wern paraliel e he flnor of the plattorn far a
roll of 7.9 deqrees, a hatght drtterence of 1,47 inchas tor the center
2 ogravity markers on the fuselags was necessary.

The model was volled by adjusting the purt anu starboard support
cables until thiy hetght difteronce was veachea within 00 Inches, A
19-1nch Brown ana Sharp stgel vuroter gquipoed ruier accurate to 0,0l
inches was used to make these wessurements o roll and prteh,  For pitch, o
distance of 1,00 feet from the center of gravity wos measured along the purt
fuselage an a Tine parallel to the longitludinagl center-ot-gravity axis.  lhen
for 6.0 degreas and 12,0 deyrees of piteh, a roautred hefght diftevence of
LdS Inches and 1,18 dApches, vevpectively, was wmoasured.  Ihe forward cable

was adjusted until thie redght srtteresss wad withya < 008 fnches,  for

1o
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Fig. 69. Pitch and Roll Adjustment
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combinad piteh and roll, the dosired attitude of the model was that the
longitudinal cantar-of-gravity axis be at a specific pitch angla with
the plattorm and thet the model also be rolled about the inclined longi-
tudinal axts. Yo obtain this destrad position, ¥t was necessary to roll
tha mode)l first around the longitudinal axis as was mentioned above for
pure roll, Then with the desired roll angle adjusted, the longitudinal
axis was Inclined, or pitched, vertically away from tha floor of the
platform (see Fig. 70) using the method for obtaining pure pitch as

previously described. Thus pitch was obtained without disturbing roll.

Sink Rate
In order to simulate the desired full-scale sink rate, the scaled

value uf sink velocity was calculated using the scaling paraweters. Then
by use ot Eq 1, Chapter [II, the necessary drop heights were determined.

The drop heights for each full-scale sink rate were:

Full Scale Vaelocity Drop Height
' (fps) {(1nches)
12.5 2.92
11.0 2.27
8.0 1.20
.0 0.47
3.0 0.17 .

Wooden blocks were constructed to the required dimensions and were used
as gauges to obtain desired drop height betwean the floor of the platform
and the lowest point on the inflated trunk. The mndel was considered at
the required drop height when the trunk Just touched the top of the

wooden block.
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Fig. 70.
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Checkliist
R The following checklist was used for each drop test run:

& I. Design Condition Check

R A. Check fan rpm
B. Check trunk pressure and cushion pressure
0GE
IGE
C. Shut power off
II. Attitude Adjustment

R E e s o e M0

-

P AN

A. Check cable support

e

B. Tie cable to gear reducer pulley

C. Adjust pitch
i D. Adjust roll
IIT. Test Run §

A. Turn power on

B. Check trunk pressure (0GE or IGE) »

C. Raise model with hoist to approximate drop height ;

D. Place model at desired height with wooden spacer bar and |
gear reducer pulley

E. Check trunk pressure OGE

F. Turn on magnetic tape recorder ;

G. Turn on cameras

H. Turn on Visicorder at 50 inches per second

I. Cut cable support

J. Shut off Visicorder at +3 seconds after release

K. Shut off cameras at +5 seconds after release
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L. Shut off magnetic tape recorder
M. Measure following while model is IGE

Fan rpm

Trunk pressure

Cushion pressure

N. Shut off all power

0. Measure barometric pressure and temperature of atmosphere

Data Reduction

Data reduction was accomplished directly from pressure readings
off the manometers in the case of initial equilibrium trunk and cushion
pressure measurements and from the 1ine traces of the Visicorder in the
case of the dynamic pressures and g-loads. Initial trunk and cushion
pressures were recorded in inches of water to the nearest 0.1 inch, but
this reading was converted to pounds per square foot to the nearest psfg
(1 inch Hy,0 = 5.2 psfg). When calibrations on the electronic equipment
were performed, the zero point of each pressure transducer and acceler-
ometer was noted. To reduce the traces to final data, the deflection of
each data trace from the zero point was measured with a ruler graduated
with tick marks every 0.02 inches. Data points were recoided at every
0.01 seconds and also at peak points between the 0.01 second marks. The
deflections were recorded and then multiplied by the appropriate calibra-
tion factors listed previously to obtain final data. Final data contain
the same number of significant figures as that of the multiplying factor
with the least number of significant figures. Thus final data are
accurate to 0.5 psfg and :0.05 g-loads for pressure transducers and

accelerometers, respectively.
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The zero time from release point was determined from the acceler-
ometer traces. Before release the model is supported above the platform
{n a stable condition, and the center-of-gravity accelerometer was at a
+1 g-load level. When the model is reieased, the downward acceleration
of -1 ge changes the accelerometer trace to 0 g-lvad during free fall.
Thus the zero time from release point was noted as the first deflection
of the center-cf-gravity accelerometer from the +1 g-load position.

Trace readings were usually made on the 0.01 second marker. The
distance between each marker was 0.5 inches, since the paper travel was
50 inches per second. Thus to obtain time between the 0.01 second
markers, the distance from the previous marker was measured in inches and
multiplied by 0.01 seconds/0.500 inches or 0.020 seconds per inch, and
that value was added to the time measured at the last marker. Time was

thus recorded to the nearest 0.00% seconds.
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: APPENDIX C

" IGE_and OGE Drop Test Data

e This appendix contains data from the IGE and OGE drop tests not
specifically discussed in Chapter IIi. The data from the IGE mode are

i b R ARR e &k ol R

only taken from the key events of release, touch, peak pressures, peak

R T BRI L T

loads, and top of the first bounce for the full-scale sink rates of 11.0,

et un

8.0, 5.0, and 3.0 fps. Data from the OGE mode consist of graphs of the

P ALY G

12.5 fps, full-scale drops at the attitudes not discussed in Chapter 111

as well as data at the key events of the 8.0 fps, full-scale, drops.
Data presented at key events are placed in tabular form from

Table IV to Table XXV, while graphs are found from Fig. 71 to Fig. 75.

The time in the tables is that from time of release of the model.
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IGE Drop Test Data, 11.0 fps, ¢ = 0.0, ¢ = 0.0
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TABLE IV

(Test No. 27)

Time Py Pe | Geug
(sec) Event (psfg) (psfg) (g-load)

0.000 Release 26 0 0.0

0.100 Touch 26 2 0.0

0.140 Peak trunk pressure 49 40 2.6

0.149 Peak cushion pressure 48 41 2.9 :
0.180 Peak Gc,g,-10ad 47 38 3.2 g
0.290 Top of first bounce 25 1 0.2 i

TABLE V
IGE Drop Test Data, 11.0 fps, 6 = 0.0, ¢ =-7.5
(Test No. 13)

Time Event Py Pc Ge.g.

(sec) (psfg) (psfg) (g-load)

0.0060 Release 25 0 0.0

0.114 Touch 25 3 0.0

0.165 Peak cushion pressure 47 39 3.1

0.174 Peak trunk pressure 50 38 2.9

0.196 Peak G¢ g.-10ad 49 36 3.3

0.345 Top of first bounce 27 2 0.3
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TABLE VI

5 IGE Drop Test Data, 11.0 fps, 6 = 6.0, ¢ = 0.0
¢ - (Test No. 22)

syl v e T

AT AR ST L e e 2 e T

TR LT

ek SR e T R R S ARy T AR TR AT e L e S

R

TRy

Time
(sec)

Event

P
(psfg)

Pc
(psfg)

'Gc.g.
(g-load)

¢.000
0.113
0.192

0.196
0.366

Release
Touch

Peak trunk pressure
and Gc.g' "1°ad

Peak cushion pressure

Top of first bounce

26
26

58
56
28

44
45

0.0
0.0

3.8
3.8
0.0

TABLE VII

IGE Drop Test Data, 11.0 fps, © = 6.0, ¢ = -7.5

(Test No. 19)

Time
(sec)

Event

PT
(psfg)

PC
(psfg)

Ge.g.
(g-1oad)

0.000
0.120
0.190
0.194
0.206
0.375

Release

Touch

Peak trunk pressure
Peak Gc‘g.-load

Peak cushion pressure

Top of first bounce

27
27
56
56
54
K}

37
41

0.0
0.0
3.4
3.5
3.4
0.2
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TABLE VIII

IGE Drop Test Data, 11.0 fps, 6 = 12.0, ¢ = 0.0
(Test No. 24)

(sec) (psfg) (psfg) (g-1oad)
0.000 Release 27 0 0.0
0.120 Touch 27 2 0.0
0.188 Peak trunk pressure 45 13 2.7
0.197 Peak Gc.g_-Ioad 43 13 4.4
0.258 Peak cushion pressure 41 35 2.5
0.378 Top of first bounce 28 1 0.0
TABLE IX
IGE Drop Test Data, 11.0 fps, 6 = 12.0, ¢ = 7.5
(Test No. 16)
T1me Event PT PC Gc'g‘

(sec) (psfg) (psfg) (g-1oad)
0.000 Release 26 0 0.0
0.116 Touch 26 1 0.0
0.183 First peak trunk pres-

sure and peak G¢ g -load| 39 4 4.8
0.259 Peak cushion pressure

and second peak trunk

pressure 43 33 2.5
0.440 Top of first bounce 30 0 0.6
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TABLE X :
IGE Drop Test Data, 8.0 fps, 6 = 0.0, ¢ = 0.0
(Test No. 28).
(sec) (psfg) (psfg) (g-load)
0.000 Release 28 0 0.0
0.070 Touch 28 3 0.0
0.137 Peak cushion pressure 52 41 2.8
0.138 Peak trunk pressure 53 40 2.9
0.144 Peak Gc g,-10ad 52 39 3.0
0.250 Top of first bounce 28 3 0.2
T/BLE XI
IGE Drop Test Data, 8.0 fps, 6 = 0.0, ¢ = -7.5
(Test No. 14)
Time Event Pr Pc Ge.g.
(sec) ' (psfg) (psfg) (g-load)
0.000 Release 25 0 0.0 :
0.088 | Touch 25 2 0.0 ¥
0.164 | Peak pressure 50 37 2.8 :
0.174 Peak L o ~load 49 36 3.1 "
0.324 Top of first bounce 28 4 0.3 i
3
-
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TABLE XII

1GF Drop Test Data, 8.0 fps, ¢ = 6.0, ¢ = 0.0
(Test No. 23)

Time Event Pr P¢ Ge.q.
(sec) (psfg) (psfg) (g-Toad
0.000 Release 26 0 0.0
0.092 Touch 26 4 0.0
0.174 Peak trunk pressure
and Gg g, -load 63 39 3.2
0.178 Peak cushion pressure 53 41 3.2
0.338 Top of first bounce 27 2 0.0
TABLE XIII
IGE Drop Test Data, 8.0 fps, 6 = 6.0, ¢ = -7.5
(Test No. 20)
Time Event PT pc Gc‘g'
(sec) (psfq) (psfq) (g-Toad)
0.000 Release 27 0 0.0
0.095 Touch 27 2 0.0
0.189 Peak trunk pressure 54 35 3.2
0.201 Peak cushion pressure
and Gc.g.“ oad 5¢ 39 3.3
0.342 Top of first bounce 28 ] 0.2
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TABLE X1V

1GE Drop Test Data, 8.0 fps, & ~ 12,0, ¢ » Q.0
{Tast No. 11)

Ve m A e M e Y AT WA TR AT ST VSRR T RTINS LR PTG LT O S
g BT R Ty Ny - =% WY B TrevAne ey e nax e e

Time | Event Py e G¢ g,
(sec) (psty) (psfq) (y-load)

- IS BN WAAE BTRURA] AR AT SR AR R

0.000 Ralaase 26 0 0.Q
0.097 Touch 26 2 0.0

0.184 First peak trunk
pressure 42 N 3.0

0.194 Pea’. 6 ¢, ~10ud a 13 3.4

0.257 Peak cushion pressure
and second pesk trunk
pressure 43 35 d.4

0.334 Top of first bounce 24 0 0.0

J— ot b ot s der At gt

TABLE XV

IGE Drop Test Data, 8.0 fps, 0 = 12,0, ¢ » -7.5
(Yest No. 17)

Time Event Pr P Ge.g.
(sec) (psfy) (pstg) (g-Toad)

(.000 Release 25 ) 0.0
0.093 Touch 25 ] 0.0

0.169 First peak trunk
pressure 39 5 3.4

0.174 Peak G¢ ¢, -load 37 4 3.8

0.250 Peak cushion pressure
and second peak trunk 3
pressure 43 29 1.2 b
0.360 Top of first bounce 27 0 0.5 '
_ — 1
i
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TABLE XV1|

{GE Drop

8t Data, 8.0 fps, 0 = 2.0, ¢ « 0.0

(Test No., 10)
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Time Lvant
(sec)

— i ey it

0.000
0.063
0,172

0.242

0.347

Touch

First peak trunk
pressure and Gy g-load

Paak cushion pressure
and second peak trunk
prassure

Tap of first bounce
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TABLE X1
IGE Drop Test Data, 4.0 fos, 6 « 1.0, ¢ = 0.9
\‘ast No a)
Timu tvent P pc
(suc) (psfy) (psfyq)
0.000 Ralease 28 \
0.0 Touch 24 0
0.184 First pork tTrunk
prassure 34 18
0,220 Peak Gp o ~load and
second Béuk trunk
prassure a3 ! U
0.235 Peak cushion pressure 43 35
0.370 Top of first bounce ed 0
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TABLE XX

OGE Drop Test Data, 8.0 fps, 6 = 0.0, ¢ = 0.0

(Test No. 42)

Rt G s iy e o 1 A NI G TS ) R SOOI D TR TR L b

Time
(sec)

Event

Pr
(psfg)

Pc
(psfyg)

Ge.g.
(g-1oad)

0.000
0.108
0.134
0.144
0.169
0.284

Release

Touch

Peak trunk pressure
Peak cushion pressure
Peak G g -load

Top of first bounce

32
32
56
53
50
33

0
2
44
46
40
1

0.0
0.0
2.3
2.7
3.0
0.0

TABLE XXI

OGE Drop Test Data, 8.0 fps, 6 = 0.0, ¢ = -7.5
(Test No. 43)

Time
(sec)

Event

PT
(psfg)

Pc
(psfg)

Ge.q.
(g-1oad)

6.000
0.106
0.156
0.166

0.336

Release
Touch
Peak trunk pressure

Peak cushion: pressure
and G¢,g,-load

Top of first bounce

32
32

56

55
36

0
2
40

42

0.0.
0.0
2.8

3.1
}0.2

g

i
1
¢
i
¢
!
|
!
i
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TABLE XXIl

OGE Drop Test Data, 8.0 fps, 6 = 6.0, ¢ = 0.0
(Test Ne. 41)

(sec) (psfg) (psfg) (g-load)
0.000 Release 32 0 0.0
0.108 Touch 32 4 0.0
0.180 Peak trunk pressure 60 47 3.3
0.184 Peak cushion pressure
and Gg,g,-10ad 60 48 3.3
0.350 Top of first bounce 35 0 0.0
TABLE XXIII
0GE Drop Test Data, 8.0 fps, 6 = 6.0, ¢ = -7.5
(Test No. 39)
Time Event PT P Ge.g.
(sec) (psfg) (psfg) (g-Toad)
0.000 Release 32 0 0.0
0.107 Touch 32 1 0.0
0.189 Peak trunk -essure 58 35 3.1
0.202 Peak cushion pyi:iur
and G¢ o -loe- 56 . 43 3.3
0.360 Top of first bounce 35 1 0.2
TR Ry S B R . A\ g T A ‘.J.;xe‘.::*)aﬂ.mi&\\.‘éi.,m:‘r.ﬁa_.-.ﬂ-ma\m;:;.i-m;#ﬁiimmmg&-wm;-L«" I
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TABLE XXIV

OGE Drop Test Data, 8.0 fps, 6 = 12.0, ¢ = 0.0
(Test No. 33)

Time Event P Pc Ge.g.
(sec) \ (psfg) (psfg) (g-load)
0.000 Release 32 0 0.0
0.108 Touch 32 2 c.o
0.184 Peak trunk pressure 52 9 2.1
0.195 Peak Gc.g.-load 50 9 3.6
0.261 Peak cushion pressure - 45 38 2.1
0.374 Top of first bounce 34 2 0.0
TABLE XXV

OGE Drop Test Data, 8.0 fps, 8 = 12,0, 4 = -7.5
(Test No. 35)

!
; Time Event Pr PC Ge.g.
- (sec) (psfg) (psfg) (g-load)
: ' 0.000 Release 32 0 0.0
: 0.109 Touch 32 1 0.0
- 0.176 Peak trunk pressure 48 4 1.8
) 0.187 Peak Gc,g'-load 45 1 4,3
0.263 Peak cushion pressure 45 32 2.8
: 0.340 Top of first bounce 48 35 2.3
" 129
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APPENDIX D

Static Test Procedures and Data reduction

Introduction

Details of load application, data collection, and data reduction
for the vertical stiffness, roll stiffness, pitch stiffness, and pressure
footprint tests are explained in this appendix.

Loading of Model Over Center of
Gravity and Center of Pressure

Loads for all the vertical load tests were applied using the same
methods. Under 39.1 pounds, load was removed on the ACLS by 1ifting the
model by its support cables using an overhead hoist. The support cables
were attached to a Chatillons spring scale with a range from 0 to 100
pounds in l-pound increments. As the model was lifted, the scale measured
the 1ifting force. This 1ifting force was subtracted from the rormal
weight of the model to obtain the load on the ACLS acting at the center
of gravity. Over 39.1 pounds the load was applied using lead shot bags,
18 inches long by 6 iaches wide, weighing approximately 10 pounds each.

Twelve bags were used and numbered from 1 to 12. The bags were weighed
cumuIativer. in the same order as they ware ustd in the tests, on a
Toledo Scale with a range from 0 to 800 pounds in 1/2-pound increments;
and thus the loads are within £1/2 pound. The lead shot bags were placed
ovar the center of gravity or the center of pressure of the model as
shown in Fig. 76 to create the desired additional load over 39.1 pounds.
The load on the ACLS was appited after the design trunk pressure
was checked at a fan rotation of 8600 rpm in the hover load on ACLS con-

dition, 39.1 pounds. Load was applied in increments of 10 pounds.
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LOAD OVER C.P. LOAD OVER C.G.
E Fig. 76. Load Application
E
4 At each load, cushion pressure, trunk pressure, pitch attitude,
? and height of the center of gravity above the floor were measured. Pres-

sures were measured with the same water manometers used to measure inftial

cushion and trunk pressures ot the drop tests. Pitch attitude was measured
kb using the same procedure used for pitch determination of the drop tests as
was explained in Appendix B. The center of gravity height above the floor

was measured using a 19-inch vernier-equipped ruler accurate to 0.001 inches.

Because of the model's slight movement during measurement it was decided

§< to reduce the accuracy of the center of gravity height measurement to the
LiA ; nearest 0.1 inches or +0.05 inches. The measurement was made at the
i5 center of gravity marker on the port side of the model fuselage. Thus the

} following data were recorded at each load: cushion pressure, trunk pres-
sure, load, center of gravity height, pitch marker height,

Cushion and trunk pressure data were recorded in inches of water

and then converted to psfg, accurate to 0.5 psfg., It was decided to
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keep the accuracy of this data to the same level as that of drop test
data.

The deflection of the trunk was calculated from the measurement
of the center of gravity height data. With zero load on the ACLS, there
was no deflection of the trunk, and the height of the center of gravity
above the floor at this point was considered the baseline or zero
reference. With Hy representing zero reference height and Hy the height

at each load, deflection D is calculated as ¢

D= Hy ~ H (D-1)

Rol11 Stiffness

For roll stiffness, torque was applied about the model's center of

gravity as shown in Fig. 77. A plastic cup was attached to parachute cord

>
—
t

= 7.1 inches

= 57,5 Inches

>
N
|}

Fig. 77. Roll Torque Application

which in turn was connected to the wing tip of the model on a 1ine directly

starboard of the center of gravity and 7.1 inches above it. The cup, string,

and the lead weights used to create the torque were weighed on a Toledo
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Scxle with o Z8%-pound capatity and accurate to 0.001 pounds. The 'oads
usad ranged from Q000 ¢o 9.800 po.nds.  To heep the load on the ACLY

at 39 1T pounds during roll stiffness tests, an approafmate load equal

in magnityde but oppostte in diraction to the torqua load was appltad at
tho cen'ar of grevity of the model as shown fa Fig. 77, LIfY load was
created by the overhead hoist and measurad by a spring <cale with a
25-pound range.

The roll angle was wmgasured using tha sume proceduve tor rol)
determination as in the drop tests outlined in Appaendix H. 1¢ should be
n.ted that the model was pitched at 2 dagrees during the roll angle
measurements; and thus, the haight Jdiffarancas obtained for roll angle

calculation were not actually in the roll plane. However, the difference

between the correct height and the v — St o e et
heights actualiy measured was neg-
PLANE OF 0
lTigible as can be seen in Fig. 78. HEIGHAT - - .p7 ROLL
MEASUR! "'ENT T - PLANE

Thus, the offset haight was mea-

sured and used to determine tne “[“ ’ﬂ”fg S ———
roll arigle to 0.05 degrees. (\\;““‘“”1ﬁ3*~7 RTL“NM ~Z;
For every load or Lorgue mh‘ﬁNiﬁlfL
applied, the following rawdata were Hy Hy Hy
Hp = = = & e RS Hy

collected: hefght of the center of cos @ cos(2°)  ,999

gravity from the floor on the port
and starbourd side of the fuselage, 19+ 78. Roll Angle Measuran.
and the 1oad placed on the wing tip. From this collected data the roll
angle was calculated, as was explained in Appendix B, and the torque was

calculated using the following equation (see Fig. 77):
tg (in-1b) = Lp cos¢(57.5 in) + Lg siné(7.1 in) (D-2)
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ARHUIE TALTIE

For piach stiffuens, Yuad was appliad at tha satt ot vha wde)
craating poateive and nayattve tavque aboul the conter of gravidy as
shown 1n Fig, 79, ine torque Toad was applied and measured 1n axactly
VAU pound Ingremnts yking a speing svale with a Jhepound vanpa. Yhe
loag war applied Ak a podaf 63,1 Ynchas divectly aft of the center of
gravity and &.4 inchas abuve 1t,  PFor pasttive tewmgue, the load was
applted tnoa downward divaction forcing the modal o piech positivaly,
For esch vownward Yoad applied, a 11ft forca squal to the Yoad was placed
at the model's center of gravity using the avevhead hoist. A stmilap
spring scale to that used Lo craate torque load was used to measure the
THet Tead, Thus the toad on tha ACLS was kept at a constant 3y pounds.
Te create negative torque, a stand supported the spring scale above the
tatly and force wan applied tn the upwand dirvection forcing the medel to
pltch negatively, Again. for each 1ift torque load an equal downward
lodd was applied over the center of gravity in the form of Q.80-pound
1ead shot bags. The bays wera weighed on a Toledo Company scale with a
2b-pound capacity and an accuracy to the nearest 0.000 pound. Positive
torque loads rangad from 0.0 to 5.0 poundy whila nagative torque loads
ranged ¥from 0.0 to 7.5 pounds. Tha pitch anple was calculated from tha
haight diffarence measurements, as was explained in Appendix 8 for the
drop tests. The mode! did nut roll during these taests.

Thus for each lpad or torque created, the following data ware
collacted: haight of the center of gravity above the floor, pitch angle

marker height abova the floor, and the load applied. Frowm this collected
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I;‘ig. 79. Pitch Torque Application
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; data the pitch angle was calculated to € Q0§ degreas, and positive torque

g was calculated to the nearest 0.1 Yoot-pound using the following agquetion
% (sea Fig. 79):

t - ﬂ h ¢ &L ) N b ) -,
? tpo (FE=10) = 1y con o Bl v ) v 1) stno(Bi v (0-3)

LT

Nepative torqua accurate to the nearest 0.1 ft-1b used the following

wquatton (see Flg., 79):
tp, (fte1b) wsby cos e(ﬁ%-g‘ ft) + Ly ume(%z;,} ft) (D-4)

The reduced data ware then wsed Vo create & pitch stiffness curve.

Fressure Footprint

A pressure footprint was made for each of sevaral loads on
the ACLS over the center of gravity. The loads were applied as
was axplatnaed in %he beyinning of this appendix, Figure 40 of
Chapter IV showed the arrangament of the pressure taps beneath the
ACLS, Flgure 80 shows the hlastic tubing connsction to the plate

taps. The metal connector forced the plastic tubing against the walls

r.= [y - ——— r——y

S—\ TNt TN T N et N e N,

| o @ o

‘_TWWWQI,{WW!‘JHm;/ e g LT B R e L T

P s LNy OBV Ay

A W P W «"\w"“‘\-.-’\_,_f*\-»")

AR T

_ e T[T
M| ¢
[N
"o /\
ten
s A -~ TIGHT FIT TURING
e ® .- METAL CONNECTOR
(Nota: All dimensions e v+ TUBING TO SCANIVALVE
are In tnches) AT e

Fig. 80. Pressure Footprint Tubing Installation
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of the hole in the plate providing & tight, Teak-free fit. Ten feet of ~§

:

plastic tubing was led from the metal connector of each tap to the 48 %

pressure worts of the Scanivalve measuring instrument. ' §

) i

The Scanivalve measured all 48 pressure taps 1n 20 seconds. The 3

‘ Scanivalve measured these pressures with the use of one differentigl %

3 prassure transducer, :2.5 psi range, vented to the atmoSphere, Pressure E

! §

t {s supplied to the transducer by means of a rotating pressure pitkup. ]

é The operation of the Scanivalve is shown schematically in Fig. 81. Pres- §

{ / , )

: sure is being constantly supplied to each port from the plate. The pickup E

\ ' 3

; PRESSURE PORTS :
: g

- S Y ) N PORT MARKER S1GNAL V1S ICORDER %
: § -~ PRESSURE SIGNAL ;
‘.j‘ ° ; ‘;
) E
S : 1
é. : ;
N i '«§

i [} j

1 ; ;
S el Eé

- PRESSURE ;

» BELL AND HOWELL p

: TRANSDUCER DATATAPE %

‘ |

Fig. 81, Scanivalve Operation Schematic

rotates over each port in a sequential numbering order, picking up the

Y NS

prassure and sending it to the transducer which measures that pressure
and outputs an electrical signal. Before a new port pressure is picked
up, the previous pressure in the rotating pickup tube is vented. VThe
pressure taps on the plate were numbered to correspond to the respective

pressure measuring ports on the Scanivalve. Prassure signals from the

T I R R st e TS

transducer were sent to the Bell and Howell Datatape and Honeywell
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Visicorder in-the saime manner as were the drop test data. As the pressure
pickup rotated, it sent-out a marking signal to the Visicorder via the
signal‘conditibning unit on the Bell and Howell Datatape. Thfs marking

signal was received on the Visicorder paper above the trace of the 48
. pressures, and the marker identified where each pressure was taken. The
1 Honeywell Visicorder was allowed to run at 2 inches per second of paper

travel for 30 seconds at each load in order to record all 48 pressure taps.

. T e PRV A s 4

COREIDYET TG

The pressure transducer on the Scanivalve was calibrated before

the series of tests was run by supplying a known air pressure to one port s

of the Scanivalve and recording the deflection caused by that pressure ?

R T

on the Visicorder paper. Air pressures of 0, 5, 10, and 12 inches of

Y

TR 5 )

water were supplied to the transducer and recorded. The pressure was

measured with a 40-inch Type W Meriam water manometer. The calibration
factor used to reduce the data from the Visicorder traces was 21 psfg

. ; per inch of trace deflection.

For each load the following raw data were recorded: pressures at
i ? the 48 taps, cushion pressure, trunk pressure, and load over the center
% ‘ of gravity on the ACLS. The raw pressure data were reduced to final form
in the same manner as drop test data discussed in Appendix B but using
'the calibration factor obtained above. Data were accurate to 2 psfyg ﬁ

E Oy as was the calibration factor. Footprint pressures may be 1 to 2 psfg

higher than actual values, since pressures were recorded only on the low

'side (0.5 psi) of the 2.5 psi transducer. The cushion and trunk pres- )

sure data were recorded in inches of water and then converted to pounds
per square foot with an accuracy of *0.5 psfg. These reduced data were

used to obtain the pressure footprints of Chapter IV.
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'! APPENDIX E

t

Brak1ng,T§s§§¢7$1mujation, Procedure, éﬂd-?ﬂkg;ﬂgqqgt@gg .

R S

Introduction A ‘
A discussion of brake modeling, the 1ocation of brake blccks,

details on brake test procedures, and data reduction methcds 13 contained -

in this appendix.

_— N R . A T A S S
(R e i e R s SR e e e G L

Brake Modeling
The brakiny system of the ACLS was designed with the intent that

% each brake pillow would have 300 square inches, full scale, of surface
%i é contact during braking (Ref 3:7). Bell Aerospace has conducted full-scale
zgl ; testing on a two-dimensional section of the CC-115 proposed trunk with a
”é' % brake pillow, and they have measured the contact area for an initial IGE
ié ? design trunk pressure of 342 psfg. Although unpublished, the results
ﬁ g have revealed that a brake contact area of 254 square inches, full scale,
% per each brake pillow is the most to be expected. Attachment point and
; surface contact dimensions are centered above and below each other and

should not change for, varying brake heights in order to stay within the
designs of the braking system. Therefore, to simulate the brakes, wooden
blocks were constructed at the fixed attachment pcint and surface contact
dimensions of Fig. 50 of Chapter V but with varying nominal heights of
2-1/2, 2, 1-1/2, 1, and 1/2 inches. Rubber pads, approximately 0.1 inch
thick and of the same surface contact dimensions as the blocks, were glued
to the contact area of the blocks in order to simulate a coefficient of
static friction of 0.8 between the blocks and a brown paper surface on

the testing platform. The heights of the five sets of blocks including

:
"A.u
%
Y
:
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rubber pads were measured with a 19-inch vernier-equipped steel ruler-and _.

found to be as fOIIOWS' 2.60, 2.08, 1.56, 1.08, and 0.57 inchés. Tne use

of wooden btocks was the only method capable of insuring: that surface con- E

tact area and brake height would remain at the desired values during a test.j

Br&ke Block Loqptions

The tenth-scaTe made trunk contained six 10cations where no jet

hb?es were situated. These~1ocat10ns were areasrwhere brake pvllows
wou?d norma?]y be attached ‘The'1ocations 6f'thé§é'siX'areas with respect
g . -i to *he mude] s center of pressure on an ianated trunk is fouﬂd in Fig. 82.
! - The fgrward to af’ ~ .nagth of each area is 3 g inches.h ach waoden brake

: block was centered on this 3.9 inches of ?ength g?ong the grpund tangent |
line of the trunk, as shown in Fig. 82. Two-way stick maskwng tapﬁ was
placed on the attachmant surface of each hlock to cecure the block.to

the trunk. In addition, strips of masking tape were used 6n the edges . _ .
of the block and attached to the trunk to keep the blocks as;statioﬁaﬁi A

as possible with respect to the trunk during a test.

3
!
“
¥
’
IS
g
L
§
sl
B
4

Data Coliection and Reduction

One test was run for each brake height. Brakes were attached to
the trunk while it was inflated at an OGE trunk pressure of 26 psfg. ’
(4.8 inches of water). This is the OGE pressure for the normal IGE design |

o s —————e e

pressure of 34 psfg as was explained in Chapter V. After brakes were - ?
attached, the model was lowered onto the platform with ACLS and brakes

supporting the full weight of the model. At that point trurk and cushion

pressures were measured on water manometers to 0.05 inches of water.

After pressure measurements, the model was pulled forward by hand via a

R Y ST TR R R SR RS R T
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Fig. 82. Brake P11low Locations on Tenth-Scale Trunk
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cable attached divectly to the model's center of gravity as shownfin

Fig. 83. Attached to the cable was a spring scale witha 0 to 25 poﬁnd
range in 1/2 pound 1ncrement$. Force was'applied to the center of gravity
| and observed on the Spfing scale unti] the first'forward‘motion of the
braké'510¢kslwas noticed. The force measured was the static drag or
frictional force due to the brakes and decreased cushion support. During
the pull the cable was kept as para]]el‘as possible to the floor of the |
teSting platform.

Fig. 83. Pulling Model for Brake Drag

Thus for each test the following raw data were recorded: brake
height, cushion prossure, trunk pressure, and frictional force on the
spring scale. Cushion and trunk pressure readings in inches of water
were converted to pounds per square foot to +0.5 psfg. Drag forces were
read directly from the spring scale to the nearest 0.5 pounds.

Decelc. .tion rates.for <ach brake height were calculated from the
measured drag data. Assuming a constant forward velocity (zero accelera-
tion) before applying brakes, the drag force F felt by the brakes caused
deceleration Ap; and

F = MAD (E-1)
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Ap = — (E-4)

A N ISR T LAl T
S d SO S D)

In order to obtain accurate deceleration rates, each set of six
blocks was weighed and the weight was added to the initial 39.1 pounds
weight of the model. This net weight Wj was used to obtain the decelera-
tion rate Ap as shown above. The net weight of the model at each brake

height was as follows (:0.05 pounds):

: Brake Height Model Net Weight ;
v (inches (pounds)

B 2.60 41.6
2.08 41.1
; 1.56 40.6

1.08 39.9
0.57 39.3

0.00 39.1

These reduced data were used to formulate the graphs of Chapter V.
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